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The Laterolog, introduced in October 
1950, in Kansas, will be available in 
the United States on an_ industry- 
wide basis by January 1952. Write 
for further information. 


: ” Electrical Logging by SCHLUMBERGER 
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SCHLUMBERGER WELL SURVEYING CORP. 
HOUSTON, TEXAS 





iT TAKES POWER AND 
To 


When it’s either pick up yardage o 
lose the ball, no team’s coach worth his 
salt sends in a second-string ball carrier. 
And when you have a well to perforate, 
how can you afford to call for the sec- 
ond best method of casing perforat- 
ing when positive penetration and 
known hole density determine the 
return on your investment. The record 
on thousands of wells JET perfo- 


rated since 1947 proves that the 


PRECISION 


PENETRATE THAT LINE 


modern JET process, originated by 
Welex, gives you a greater return on 
your invested dollar. You consistently get 
greater productivity because of known 
penetration, and positive hole density 
per foot...with no burr...no 
fracturing, and no debris left in 
the well. Results cost less with 
Call your nearest 


Welex Station for prompt service— 


day or night. 


elex 


SET SERVICES INC. 
GENERAL OFFICE: 3909 Hemphill Street * tort Worth 9, Texas 
FIELD STATIONS: Shreveport *« Ardmore « Lindsay * Shawnee « Hobbs 
Corpus Christi ¢ Falfurrias « Houston « Kilgore « Odessa « Wichita Falls 
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ZUBLIN DRAINHOLES | vey | 
proves 


ARE HORIZONTAL {  ; 


20 Oesucurto WELL 10° 20° 30 40' 50" 


ar 4971 =) BORE Section View (Sample) 











DRAINHOLE SURVEY 
by EASTMAN 


ELECTRIC LOG 
by SCHLUMBERGER 


T 50. 


Several Drainholes properly drilled into the oil sands of a well 
will increase the potential, improve the maximum efficient daily 


production rate and will substantially Increase its Reserves 





TOTAL LENGTH OF DRAINHOLE = 71 ft. 
HORIZONTAL EXTENSION .. .= 52 ft. 


Plan View (Sample) ; 
Drain Holes are DEPTH 5071.0 | 
open and do not NORTH 43.82 
require casing for } EAST 2.69 
their protection. 
They are full of 
high pressure fluid 


at all times. a 
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The most effective method 
to permanently improve any 
producing well 











Call JE 6151 or JE 4433 for a full-size 
demonstration in our Plant (2369 East 
51st Street, Los Angeles 58) showing 
how Drainholes are drilled with... 


ZUBLIN FLEXIBLE DRILL PIPE | 
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if youve got it m 


you might as well skip this page! 


If you've got all you want, and all you'll ever need 
. if all of your oil has gone to market and the bank 
has been paid off . . . if all that bothers you now is the 
weather . . . in other words, if you’ve got it made, the 
problem of obtaining maximum recovery from proven 
reserves is something for somebody else to sweat out 
But if you're still in the oil business and want to know 
now, in the early life of your reservoir, how much of the 
oil which you have discovered is actually recoverable 
oil; how much of it you may reasonably expect to 
recover; and how you can establish and maintain opti 
mum reservoir performance (maximum high-gravity 
yield at minimum pressure decline) . . . the first simple 
step is to ask Core Lab for an analysis of a surface or if it’s worth producing, 
sub-surface reservoir fluid sample. it’s worth producing RIGHT! 


This comprehensive Reservoir Fluid Analysis Report Ask your Core Lab man today 
costing virtually nothing when compared to the prob about Reservoir Fluid Analysis! 
able increase in reservoir revenue, then becomes your 
perpetual “production aid” throughout the earning life 
of that particular field 


CORE LABORATORIES, INC. @ DALLAS, TEXAS 


Dallas, Houston, Corpus Christi, Midland, Abilene, San Antonio, Tyler, Wichita 
Falls and Post, Texas; Oklahoma City, Okla.; Shreveport, Lofayette and New 
Orleans, La.; Natchez, Miss.; Bakersfield, Calif.; Denver, Colo.; Worland, Wyo.; 
El Dorado, Ark.; Farmington, N. M.; Calgary and Edmonton, Can.; Venezuela, S$. A. 
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Use This Good 
Combination 


for 
@ Maximum Scratch- 
ing Effectiveness 


@ A positive Casing 
Cementing Depth 


@ Close Gas/Oil 
Contacts 


@ Thin Pay Sections 


B and W Rotating Scratchers 
(tubing type) on 5 or 6 joints 
of EU tubing or small drill pipe 
makes an open hole plugging 
assembly that “don’t miss”. They 
insure thorough mud cake re- 
moval for proper cement de- 
hydration and a solid plug. 


mee! COAST | 


SECTION 1 





Designéd to conserve and to stretch supplies of tubular goods, Point No. 4 of P.A.D.’s 
“Fouf Point Oil Country Tubular Goods Conservation Program” reads as follows: 


**4—Wider use of dual completions —the practice of tapping two 
or more petroleum reservoirs with a single well bore.” 


You can s-t-r-e-t-¢-h your supply of tubing and casing to the maximum by 
using the Baker Retainer Production Packer, Product No. 415-D, with its efficient, adapt- 
able Accessory Equipment for “dual completions” that are permanent, economical, and 


permit practically any future down-hole operations. 


Dual completions of the past quite often utilized steel body type packers which 
were not too well suited to certain installations, were subject to corrosion and 
attack by deleterious well fluids, and were difficult to mill out in case of emer- 


Setting Sleeve 


gency, or when subsequent operations necessitated their removal. 


When planning a dual completion today, a good starting point is to think 
of the Baker Retainer Production Packer which eliminates the above objec- 
tionable features. 


All major parts of this packer are made of gray cast iron which is far more Thread Seal 
resistant to corrosion and embrittlement than steel—and yet can be drilled : | 0” Ring Seol 


up readily (not milled) when desired. The oil-resistant, temperature-resistant ae 

packing element is held in position by lead sealing rings, and provides a leak- 

proof seal which prevents movement of fluid or gas either up or down the hole oe 

Two sets of opposing slips hold the packer assembly at setting point regard- ; $< — Upper Siios 

less of differential pressures, set-down weight, tubing expansion or contraction pee 
The Baker Retainer Production Packer is truly revolutionary because, when 


set, it virtually becomes a part of the casing, leaving the tubing string free for 


lead Seal 


running in or for removal from the well, meanwhile maintaining complete iso Oil-Resistont 
Reshent 


lation of the producing zones. Packing element 


The Baker Retainer Production Packer can be set safely and accurately on 7 id 
E é - : = Shear Screw 
tubing or drill pipe, but to save wear and tear on precious tubular goods, we Bids icch tien 
recommend setting on an electrical conductor cable by one of the leading wire pera 
line service organizations. After reviewing the two dual completion installations Lower Slips 
on the opposite page, we suggest that you contact the nearest Baker representa aoe 
tive for helpful, profitable recommendations. —Then, by selecting the required Spring 
Baker Packer Accessory Equipment, your specific “dual zone” or single-zone 


production requirements will be readily met. 


BAKER OIL TOOLS, INC. HOUSTON « LOS ANGELES * NEW YORK 


Flapper Valve 


WIRE LINE SERVICE AVAILABLE FROM... caateaaias 


Byron Jackson Co. «+ Dowell,Inc. «© International Cementers, Inc. 
Lane-Wells Company + McCullough Tool Co. «+ Perforating Guns 
Atlas Corp. + Schlumberger Well Surveying Corp. + Welex Jet : 

E With Setting Tool 
Services, Inc. Well Perforators, Inc. *« The Western Company for Wire Line Setting 


Baker Model “’D” 
Retainer Production Packer 


YOU SAVE TUBING AND CASING 
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TUBING 
7 (AS FURNISHED 
BY OPERATOR) 








HERE ARE A COUPLE OF GOOD 
EXAMPLES OF MODERN DUAL 
COMPLETION INSTALLATIONS... 


LEFT —This one-packer hook-up provides a 
means of producing two zones at the same 
time, the lower zone being produced through 
the tubing, and the upper zone through the 
annulus between the tubing and the casing. 
Such a dual-zone installation is used where: 


1. It is necessary to pump the lower zone 
The tubing may be anchored to the packer 
to prevent movement of the tubing during 
the gumping cycle which will allow for 
increased plunger travel. 

..With both zones flowing, the differen- 
across the packer (from below) 
is greater than 2000 psi. 

3. ft is necessary to produce the lower 
zone, ond inject water or gas from the sur- 


' foce into the upper zone. 


4. The upper zone is produced through 
the annulus between the tubing and the cas- 
ing, while water or gas is pumped down the 


tubing into the lower zone. 


RIGHT —This dual-zone hook-up is designed 


primarily to permit pumping the upper zone 


and flowing the lower zone. Two Baker Re- 
tainer Production Packers, an Anchor-Type 
Change-Over Flow Tube and other Acces- 
sory Equipment ore required. The lower 
pocker is set just below the upper zone in 
order to prevent an excessive amount of 
sand from settling on top of the packer. The 
upper packer is set immediately above the 
upper zone, and continuous isolation of the 
zones is maintained. 


The tubing string is held in tension for 
efficient pumping; the pump can be pulled 
for re-placement of parts, the lower zone 
meanwhile remaining isolated; ision is 





. made for washing out sand or settlings to 


facilitate removal of the production string. 
In fact, nothing is lacking to provide flexi- 
bility of operation, combined with efficient, 
low-cost, permanent, dual-zone production. 


The new, 84-page Baker Packer Bro- 
chure contains many other interesting 


"installations, and will be sent to any oil 


man upon request. Or see your nearest 
Baker representative for specific rec- 


ommendations. 


oy 


BOTTOM LOCK PUMP 


HOLD-DOWN SHOE 
SPECIAL ITEM 


OTIS TYPE “F” 


SIDE DOOR CHOKE 


SPECIAL ITEM) 


TUBING | 
AS FURNISHED —— 
BY OPERATOR 


TUBING 
AS FURNISHED 
BY OPERATOR 
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BAKER MODEL “D” 


7 RETAINER 
PRODUCTION PACKER 


PRODUCT NO. 415-0 


|] BAKER MULTLY TUBING 
r~SCAL NIPPLE 


PBAKER SPACER WIPPLE 
WITH COUPLING 
PRODUCT NO. 470 


BAKER MULTLY TUBING 
SEAL WIPPLE 
PRODUCT NO 4480 


BAKER SPACER NIPPLE 
r-WITH COUPLING 
PRODUCT NO. 470 
BAKER MODEL “D 

— RETAINER 
PRODUCTION PACKER 
PRODUCT NO 4150 


[_ BAKER MULTLY 
TUBING 


SEAL NIPPLE 
PRODUCT NO 448-0 





BAKER PERFORATED 
PRODUCTION 


TUBE WITH COUPLING 
PRODUCT WO. 457 



































DOWELL CHANNELING ACID is designed to open longer 
drainage channels—tap production far back from the well bore 


Dowell Channeling Acid has been developed to permit 
acidizing of areas in pay formations far back from the 
well bore . . . reaching oil production that otherwise might 
be left untapped. Channeling Acid contains chemical 
agents designed to form a film on the face of the pay, 
temporarily blocking all but a few pores. Thus the bulk 
of the acid used during the treatment can be diverted 
into the few unblocked pores . . . forming long drainage 
channels that extend deep into the formation. The film- 
forming agent in the acid is temporary in action and 
breaks down to a free-flowing liquid in a few hours. 


This recent product of Dowell research provides a new 
method of improving the producing characteristics of oil 
and gas wells. A new well completed in the McClosky 


formation was producing 2 barrels of oil and 10 barrels 
of water per day. A Channeling Acid treatment consisted 
of a small spearhead of regular acid to open up the forma- 
tion, followed by 750 gallons of Channeling Acid and 
2,000 gallons of regular acid. Three and a half months 
after treatment, production was 50 barrels of oil per day 
with only 1 barrel of water. 


For additional information about Channeling Acid and 
the many other valuable Dowell oil field services and 
products, call the nearest Dowell office or station. 


DOWELL INCORPORATED 
TULSA 3, OKLAHOMA 
Subsidiary of The Dow Chemical Company 


DOWELL 


ACIDIZING SERVICE 


Ask your nearest Dowell station for complete information on these Dowell services and products 
Acidizing Service, Electric Pilot Services, Plastic Service, Chemical Scale Removal Service for 
heat exchange equipment, Jelflake, Paraffin Solvents, Magnesium Anodes for corrosion control 


and Bulk Inhibited Hydrochloric Acid. 


“First in Acidizing ... since 1932” 


FOR OIL INDUSTRY CHEMICAL SERVICE 








After 10,000,000 Barrels of 
Water Injection, Here Is a Look at 


The Benton Water Flood, Franklin County, Ill. 


By C. V. Cameron 
Shell Oil Co., Member AIME 


ABSTRACT 


As of January 1, 1951, the Benton Water Flood had been 
in operation 13 months. During this period 10,480,000 bbl of 
water were injected into the Tar Springs sandstone reservoir 
and oil production increased from a low of 730 B/D during 
December, 1949, to a rate of 3,250 B/D at the end of 1950. 
The flood which is completely unitized covers about 90 per 
cent of the Benton Field with a productive area of 1,900 acres 
developed with 84 water injection wells and 120 oil producing 
wells. A general review of the Benton Field with particular 
emphasis on water flooding development and production per 
formance to date is presented in this paper. 


INTRODUCTION 


The possibilities of increasing the ultimate recovery 
water injection operations were recognized early in the life 
of the Benton Field. The first serious consideration given to 
water flooding, however, was during the early part of 1947 
after the field had been producing about six years and had 
yielded approximately two-thirds of the estimated primary 
ultimate. At that time Shell Oil Co. acquired additional prop- 
erties which, together with their original holdings, offered a 
block of producing acreage of sufficient areal extent to justify 
a secondary recovery program. Furthermore, a very concerted 
effort was made to interest the remaining operators in the 
benefits of field-wide unitized flooding operations with the 
result that the project as finally installed covered about 90 
per cent of the productive area. 


by 


The primary production conditions and geology of the Ben 
ton Field have been reviewed in detail in a previously pub 
lished report by Howell.’ Therefore, only a brief review of 
these subjects is presented in this paper as background mate 
rial to a discussion of the water flooding operations now in 
progress. 


INITIAL DEVELOPMENT 


The Benton Field located in Township 6 South, Ranges 2 
and 3 East, Franklin County, IIl., was discovered in January, 
1941. The first well, E. S. Adkins-Orient Coal Co. No. 1, NE 
SW SE Section 24-6S-2E, was completed for an initial pro 
duction of 397 B/D of oil from the Tar Springs sandstone at 
a depth of about 2,100 ft. Development in the field was rapid. 
and by the end of 1941, a total of 235 wells had been com 
pleted. Ultimately, about 260 Tar Springs wells were drilled, 
of which 242 produced over an area of approximately 2.200 


‘References given at end of paper 
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acres. In general, the spacing density was one well to 10 acres. 
However, some irregularities resulted from drilling on small 
tracts, and in numerous cases it was necessary to deviate from 
the established pattern because of coal mining operations at 
the 600-ft level. It was the general practice for the oil com- 
panies to stake their locations on a regular pattern, after 
which the mine survevor would move the stake on the shortest 
distance necessary so that the well would be drilled :hrough 
a mine pillar. 


GEOLOGY 


The Benton Field is an anticlinal structure approximately 
one and one-half miles wide and two and three-fourths miles 
long with a north-south axial trend. There are two local cul- 
minations, one in the northern part and one near the southern 
end of the structure. There is a maximum closure of approxi- 
mately 70 ft within the productive limits of the field. 

The producing reservoir occurs in the upper part of the 
Tar Springs formation which belongs to the Chester Series of 
the Mississippian System. The productive area of the field is 
limited to the east and west by low structural positions which 
carry the reservoir below the water level, whereas the sand 
shales out to the north and south. An examination of core 
data and electric logs shows the sand to be reasonably uniform 
within the productive limits. It is characterized as being a 
fine-grained, medium hard to friable consolidated sand with a 
few shale laminations. 

Available information gives no indication that a gas cap 
was originally present in the reservoir. The original oil-water 
contact was estimated at 1,695 ft subsea, and appeared to be 
reasonably uniform over the structure. From the cross sections, 
Fig. 1, and the isopach map, Fig. 2, it will be noted that the 
net pay thickness above the original water level as determined 
from electric logs and sample data ranges from 0 to 60 ft and 
that the thicker pay sections coincide with the more favorable 


structural positions. 


PRIMARY PRODUCTION HISTORY 


The production history for the entire Benton Field from 
the date of first production, January, 1941, is shown graphi- 
cally by Fig. 3. The initial peak production during August, 
1941, was 33,000 B/D. Thereafter, until water flood 
operations were commenced during the latter part of 1949, 
the decline curve is practically a “textbook” example of deple- 
tion-type reservoir performance. However, there are indica- 
tions of water encroachment from the west, resulting in excep- 


about 


SECTION 1 





tionally high recoveries from some of the leases in that por- 
tion of the field although the rate of water production has 
never been excessive. As of November 29, 1949, when water 
injection was started, the field had produced 20,200,000 bbl 
of oil, an average of 9,200 bbl per productive acre and 83,500 
bbl per productive well. Without flooding, it is estimated that 
the field would have produced ultimately from 26 to 27 mil- 


lion bbl of oil. 


RESERVOIR CHARACTERISTICS 


A review of formation sample studies, electric logs, core 
analyses (approximately 1,600 samples from 52 wells), ard 
one PVT analysis of a bottom-hole fluid sample has led to 
acceptance of the following average values for the Benton Tar 
Springs sandstone reservoir: 

850 
35 
125 

3.5 

19 


Original bottom hole pressure, psi 

BHP at 12/1/49, psi 

Original solution gas/oil ratio, cu ft/bbl 
Viscosity of residual oil, centipoises @ 86°F 
Porosity, per cent 

Permeability, md 65 
25 


18 
1.1 


Connate water saturation, per cent 
) Residual oil saturation, per cent 
» Formation volume factor 


Sy . 
> Net productive area, acres 


» Net sand thickness, ft 








WATER FLOOD DEVELOPMENT 
Flood Plan 


The coal mining operations within the productive area of 
the Benton Field placed two limitations on any flooding plan 
which might be selected: 


1. The plan should not require excessive injection pressures ; 


2. The plan should involve a minimum of infilling develop- 
ment. 


With these two factors in mind, the decision was made to 
utilize a 20-acre, five-spot spacing pattern which could be 
developed by converting alternate producers to water injection 
wells. 


Water Source 

From a study of water requirements to supply approxi- 
mately 100 input wells contemplated for a field-wide flood, 
it was estimated that a total of 30,000 B/D could be injected 
under steady state flow without applying excessive well head 
pressures. The of water, both surface and 
subsurface. in the vicinity of the Benton Field were checked 
in detail. After taking into account the suitability of the vari- 
ous waters and the economics of handling them, the decision 
was made to secure a lease on the water rights of Lake Moses. 
This lake, which is owned by the U. S. Coal and Coke Co., 
is located about six miles northeast of the field and has a 
watershed of approximately 2,000 acres, a surface area of 211 


various sources 

















FIG. 1 — CROSS SECTIONS OF BENTON FIELD 
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acres, and a capacity of about 13,000,000 bbl. Average rain 
fall figures for the Benton area and experience to date indi 
cate an ample supply of water will be impounded for flooding 
purposes. 


Unitization 

At the time water fiooding plans were being formulated, 
there were 64 separate producing tracts in the Benton Field. 
In several instances the only producing well on a tract was 
scheduled for injection purposes, thus necessitating unitiza- 
tion in some areas. Since many additional operating economies 
could be effected by complete unitization, which in turn would 
benefit the owners of both mineral rights and working inter 
ests, it was decided to attempt this approach. A plan for 
unitization was presented to the remaining operators in the 
Benton Field during the latter part of 1948. One of the oper 
ators owning four tracts in the northwest portion of the field 
rejected the unitization proposal, thus necessitating a revision 
of the flood plans to exclude about 10 per cent of the produc 
tive area. A unitization agreement between Shell Oil Co. and 
W. C. McBride, Inc., became effective for the remainder of 
the field April 1, 1949, Participation was based upon primary 
recovery reserves and acre-feet of net pay. 


It is of interest to note that although the signatures of 275 
people were required for the unitization of royalty ownership. 
the signing was accomplished with 100 per cent success within 
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FIG. 2— ISOPACH MAP OF TAR SPRINGS SANDSTONE SHOWING EF 
FECTIVE PAY THICKNESS ABOVE 1,695 FT, SUBSEA. 
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F:G. 3 — DAILY AVERAGE OIL PRODUCTION OF ENTIRE BENTON FIELD. 


a three-month period. This unitization agreement with the 
royalty owners became effective when flooding was commenced 
November 29, 1949. Participation of royalty was based upon 
cumulative production. 


State Permits 


Before flooding operations could be started it was, of course, 
obtain the consent of the State of Illinois, In the 
case of Benton, the problem was somewhat complicated by the 
fact that approval was required from the Department of 
Mines and Minerals, as well as from the Oil and Gas Divi- 
sion. In order to make certain that the proposed flooding oper- 
ations did not conflict with the mining interests, the plans 
for development and operation were first submitted to the 
Chicago, Wilmington and Franklin Coal Co. With the coop- 
eration of this organization, the application to the State for 
permission to conduct a water flood was filed May 4, 1949, 
and was approved in due course without any objections. 


necessary t¢ 


Drilling 


The first development work on the flood was the drilling of 
two new wells, one for injection and one producer, and the 
redrilling of an abandoned well to be utilized for water 
injection purposes. In the first well drilled, seven-in. casing 
was cemented on top of the Tar Springs sand following which 
the formation was diamond cored utilizing crude oil as the 
circulating fluid. In the second well the same procedure was 
followed except that injection water was used as the circulat- 
ing medium. Before completing the third well in the Tar 
Springs, the Cypress sandstone was tested and found to be a 
satisfactory supplementary water source should it be required. 


The coring operations in the newly drilled wells were quite 


successful in that 100 per cent recoveries were obtained 
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throughout. Complete laboratory analyses were made of repre- 
sentative samples. 


. 
Construction 


During October, 1948, construction was commenced on the 
six-mile, eight-in.. welded steel water source line from Lake 
Moses to the Benton Field. Owing to inclement weather this 
work progressed slowly but was practically completed by the 
end of the year. 


Further construction deferred until May, 1949. after 
unitization had been accomplished: The facilities installed be- 


tween this date and commencement of flooding operations 


was 


were: 
Lake Moses pump 
Western vertical turbine pumps. 


station consisting of three Layne- 


Rice lease reservoir, a dam constructed receptable located 
centrally in the Benton Field with a capacity of about 120,- 
000 bbl to impound both “source” and produced water. 


Pick-up pump station consisting of two Goulds centrifugal 
pumps to deliver water from the Rice lease reservoir to 
the treating plant. 

Water treating plant designed to handle the 30,000 B/D 
estimated requirements. This plant consists of a building 
and chemicals, an Accelator, 
building to house the filters, a meter repair shop. a labora- 
tory and field office. 


for storing mixing and a 


Clear wells consisting of two 1.000-bbl steel tanks 


provide suction head for injection pumps and storage of 
treated and filtered water for back-washing filters. 


Injection pump station consisting of two 200-hp and one 
100-hp Goulds centrifugal pumps with electric motors. 


Injection system consisting of about 23% miles of lines, 
all of which are steel cement-lined, dresser coupled, with 
the exception of small sections of galvanized piping. Meters 
for recording the volume of water injected into each indi- 
vidual well are grouped at 18 points throughout the flood 
(Fig. 4). 


unit 


Fluid return system connecting the 52 original lease tank 
battery sites to the central oil treating plant and consisting 
of about 14 


pump stations (Fig. 5). 


miles of Transite lines and three automatic 


Central oil treating plant consisting of two 12-ft x 36-ft 
B.S.&B. horizontal treaters, two 150-hp gas-fired beilers for 
heat, a small water treating plant to provide water for the 
boilers and laboratory. and a skim pit. 


Well Conversions and Mine Protection 


(s stated previously, the failure to reach an agreement with 
field 


about 90 per cent of the productive area developed by a total 


all operators in the necessitated limiting the flood to 
of 204 wells, including two of the three wells completed dur- 
ing 1948. The flood plan called for converting 84 of the wells 


for water injection with the remaining 120 wells as producers. 








et 





FIG. 4— WATER INJECTION SYSTEM LAYOUT. 
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FIG. 5 — PRODUCED FLUID RETURN SYSTEM LAYOUT. 
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guarded, each of the 84 injection wells was equipped with a 
tubing packer set in the “shoe joint” of the casing. The annu- 
lus between the casing and tubing was filled with inhibited 
water (sodium chromate and water) under pressure. Thus by 
periodic inspection of the annulus pressures it will be possible 
to detect any tubing or packer leaks which might occur and 
repair them before any damage is done to the casing. 


WATER FLOOD OPERATIONS 


From the Rice lease reservoir the water is pumped through 
a forced draft aerator to remove a large percentage of the 
carbon dioxide and to add oxygen to precipitate the iron con- 
tent. From the aerator the water passes through the Accelator 
where it is stabilized by the addition of lime and ferric 
chloride. The lime adjusts the pH, while the ferric chloride 
acts as the coagulant which removes the colloidal impurities. 
The treatment is completed by the addition of chlorine and 
by filtration. Representative analyses of the water before and 
after treatment as of August, 1950, are as follows: 


I 
tit 


Parts Per Million 
Produced Lake Blend 
Water Water Untreated Treated 
Total dissolved solids 82,400 132 2,740 2.610 
Free carbon dioxide, 
as Cat O 31 5 
Chloride, as NaCl 73,5 “ 2,170 


Sulfate, as Na.SO, 2 17 
c 


FIG. 6—DAILY AVERAGE PRODUCTION AND WATER INJECTION FOR  ilica, as SiO ; 3.5 5.5 


BENTON FLOOD UNIT. Iron _ ibs 2.1 
Manganese ace 28.0 10.0 


Barium 22 6.6 
Oxygen d ! 03 
pH 75 7.6 7.0 
Turbidity 10.0 


It may also be of interest to note that there are sufficient 
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No remedial work was performed on the producing wells 
except to modernize pumping equipment. 
All wells converted to inputs were cleaned out, plugged 
back or deepened where necessary and the open hole calipered 
In order to insure that the personnel and operations of the 
Chicago, Wilmington and Franklin Coal Co. would be safe Continued on Page 7, Section 2 
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FIG. 7 — DETAIL OF FLOOD PERFORMANCE OVER FIRST 13 MONTHS OF OPERATION. 
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TYPE GM AMERICAN IRON 


Covira. Hla FUCKER 


CHECK THESE IMPORTANT AMERICAN IRON FEATURES: 


y/ Specially engineered dovetail slips and guides! 
Patented lateral expanding cup assembly avoids | 
crushing of the cup in this sealing element! 

y All the seal is accomplished in one sealing element! <o 

y Patented, American Iron simple-setting arrangement! Pon sip 

y Full tubing size opening through length of packer! eapended tateratiy test 
. . compressed) to avoid crushing! 

yY Smooth running because of ample fluid by-pass area! 


J SM 


AVAILABLE THRU YOUR SUPPLY STORE 








circu. PARAFFIN SUCKER 
LATING BI ROD 
JOINT COUPLING 


AMERICAN IRON & MACHINE WORKS CO. 
OKLAHOMA CITY, OKLAHOMA © BOX 1177 © PHONE lL, D, 518 
DISTRICT OFFICE: HOUSTON, TEXAS 
EXPORT OFFICE: 11 WEST 42ND ST., 

NEW YORK CITY, N. Y. 








MANUFACTURERS OF DRILLING EQUIPMENT * « PRODUCTION EQUIPMENT ) * FISHING TOOLS + PUMP SPECIALTIES 








— Mid-Continent Meeting Program 


TUESDAY, OCTOBER 2 


Advance Registration, 5:00 p.m. to 9:30 p.m. — Biltmore Hotel Mezzanine 
Note: Technical Sessions will start on prearranged schedule. 


WEDNESDAY, OCTOBER 3 


8:00 a.m. to 5:00 p.m. — Registration and sale of tickets, Biltmore Hotel 
Mezzanine. 

9:30 a.m. to 11:45 a.m. — Technical Session — Biltmore Civic Room 

Field Case Histories 
Opening remarks, Richard W. French, Chairman, Petroleum 

Branch, AIME. 

120-G: Results of Gas Injection in the Cedar Lake Field, by 
R. M. Leibrock, R. G. Hiltz and J. E. Huzarevich, Stano 
lind Oil and Gas Co. 

121-G: Poza Rica, Its Development, Exploitation and Near 
Future, by J. Colomo, A. Barnetche and J. Hefferan, Petro- 
leos Mexicanos. 

114-G: An Application of Diffusity and Material-Balance 
Equations to a High Relief Pool, by A. Romero Juarez and 
J. Hefferan, Petroleos Mexicanos. 

122-G: A Reservoir Analyzer Study of the Woodbine Basin, 
by R. C. Rumble, H. H. Spain and H. E. Stamm, III, Hum- 
ble Oil and Refining Co. 

9:30 a.m. to 11:45 a.m. — Technical Session — Oklahoma Club Sky Room 

Reservoir Engineering 

123-G: Effect of Data Errors on Typical Reservoir Engineer 
ing Calculations, by C. A. Hutchinson, Jr.. The Atlantic 
Refining Co. 

124-G: A Simplified Method for Computing Oil Recoveries 
by Gas or Water Drive, by Henry J. Welge. The Carter 
Oil Co. 

125-G: Displacement Mechanism in Multi-Well Systems, by 
Loyd R. Kern, The Atlantic Refining Co. 

12:15 p.m. to 2:00 p.m. — Welcoming Luncheon — Skirvin 
Room. 

2:30 p.m. to 5:00 p.m. — Open Meeting, 

Committee, Biltmore Civic Room. 

2:00 p.m. to 5:00 p.m. — Technical Session — Oklahoma Club Sky Room 
Production Operations 

126-G: The Delta-Log, A Differential Temperature Surveying 
Method, by R. B. Basham and C. W. Macune, Westronics, 
Inc. 

128-G: Hydrafrac Operations in the Spraberry Production, 
West Texas, by Waldo L. Grossman, Halliburton Oil Well 
Cementing Co. 

6:30 p.m. — Cocktail Party, Seventh Floor, Oklahoma Club. 

7:15 p.m. — Buffet Dinner. 


THURSDAY, OCTOBER 4 


8:30 a.m. to 5:00 p.m. — Registration and sale of tickets, Biltmore Mezzo 
nine. 

9:00 a.m. to 11:00 a.m. — Technical Session — Oklahoma Club Sky Room. 

Drilling Technology 

141-G: Bridging Effectiveness of Perlite for Light Weight 
Cements and Lost Circulation, by Don Hall, Great Lakes 
Carbon Corp. ; 

142-G: The Guard Electrode Logging System, by John E. 
Owen, Geophysical Research Corp., and Walton J. 
Halliburton Oil Well Cementing Co. 

143-G: Radial Filtration of Drilling Mud, by C. L 
Humble Oil and Refining Co. 

144-G: The Effect of Circulating Media and Nozzle Design 
on Rock Bit Performance, by L. L. Payne, Hughes Too! Co. 

8:30 a.m. to 11:30 a.m. — Technical Session — Biltmore Civic Room. 

Water Flooding 

130-G: A Method for Predicting the Tendency of Oil Field 
Waters to Deposit Calcium Sulfate, by Henry A. Stiff, Jr.. 
and Lawrence E. Davis, The Atlantic Refining Co. 


Hotel Persian 


Petroleum Branch Executive 


Creer, 


Prokop, 
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131-G: Behavior of Dissolved Oxygen in Brine, by D. C. 
Bond, G. A. Marsh and G. G. Bernard, The Pure Oil Co. 
132-G: Mobility Ratio — Its Influence on Flood Patterns Dur- 
ing Water Encroachment, by J. S. Aronofsky, Magnolia Pe- 

troleum Co. 

133-G: Observations From Profile Logs of Water Injection 
Wells, by H, H. Kaveler and Z. Z. Hunter, Phillips Petro- 
leum Co. 

1:30 p.m. to 4:30 p.m. — Technical Session — Oklahoma Club Sky Room. 

Reservoir Engineering 
134-G: The Use of Models in Reservoir Engineering Studies 
An Appraisal, by Walter Rose and Ralph E. Gilchrist, 
Texas Petroleum Research Committee. 

135-G: Visual Examinations of Fluid Behavior in Porous Me- 
dia — Part I, by Alfred Chatenever, University of Oklahoma, 
and John C. Calhoun, Pennsylvania State College. 

116-G: The Effect of Withdrawal Rate on the Uniformity of 
Edgewater Intrusion, by Morris Muskat, Gulf Oil Corp. 
136-G: Possibility of Cycling Deep Depleted Oil Reservoirs 

After Compression to a Single Phase, by Donald L. Katz, 
University of Michigan. 
7:00 p.m. — Dinner, Skirvin Hotel Persian Room. Dancing until 1 a.m. 
FRIDAY, OCTOBER 5 
9:00 a.m. to 12 m. — Technical Session — Biltmore Civic Room. 
Drilling and Well Completion 

145-G: A New Additive for Control of Drilling Mud Filtra- 
tion, by R. A. Salathiel, Humble Oil and Refining Co. 

146-G: Experimental Evaluation of Well Perforation Methods 
as Applied to Hard Limestone, by Henry Lewelling, The 
Atlantic Refining Co. 

147-G: Correlation of Radioactive Logs of the Lansing and 
Kansas City Groups in Central Kansas, by J. V. Morgan, 
Stanolind Oil and Gas Co. 

148-G: Lost Circulation Corrective: Time-Setting Clay Ce- 
ments, by J. U. Messenger and J. S. McNiel, Magnolia Pe- 
troleum Co. 

8:30 a.m. to 12 m. — Technical Session — Oklahoma Club Sky Room. 

Gas Technology 

115-G: The Calculation of Pressure Drop in the Flow of 
Natural Gas Through Pipe, by Fred H. Poettmann, Phillips 
Petroleum Co. 

149-G: Efficiency of Gas Displacement from Porous Media by 
Liquid Flooding, by T. M. Geffen, D. R. Parrish, G. W. 
Haynes, and R. A. Morse, Stanolind Oil and Gas Co. 

150-G: Natural Gas in the Province of Alberta, Canada, by 
J. F. Dougherty, Empire Trust Co., Anthony Folger and 
Joffre Meyer, DeGolyer and MacNaughton. 

151-G: Equilibrium Vaporization Ratios for Nitrogen, Carbon 
Dioxide, Hydrogen Sulfide and Methane in Crude Oil-Nat- 
ural Gas and Absorber Oil-Natural Gas Systems, by R. H. 
Jacoby and M. J. Rzasa, Stanolind Oil and Gas Co. 

1:00 p.m. to 3:30 p.m. — Technical Session — Biltmore Civic Room. 

Production Research 

137-G: Method for Determining Wettability of Reservoir 
Rocks, by R. L. Slobod and H. A. Blum, The Atlantic Re- 
fining Co. 

138-G: An Analysis of the Evaporation Method for Determin- 
ing Interstitial Water, by Charles G. Dodd, U. S. Bureau 
of Mines. 

139-G: Here’s Your Answer, by H. H. Rachford, Jr., and 
C. E. Williams, Jr., Humble Oil and Refining Co. 

140-G: Prediction of Saturation Pressures for Condensate-Gas 
and Volatile-Oil Mixtures, by E. I. Organick and B. H. 
Golding, United Gas Corp. 
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J. H. FIELD DEAN A. McGEE LINCOLN F. ELKINS 
Sohio Petro'eum Co. Kerr-McGee Oil Industries, li. Sohio Petroleum Co. 
Chairman, Oklahoma City Section General Chairman Chairman, Meeting Arrangements 


J. C. CORDELL 
Stanolind Oil and Gas Co. 
Chairman, Hotel Committee 
Vice-Chairman, Oklahoma City Section 


i (No Picture Available) ‘ 

_ W. M. EDINGER R. M. CAYWOOD 
| Production Engineering Laboratories Anderson-Prichard Oil Corp. 
| Chairman, Registration Committee Chairman, Entertainment 
Vice-Chairman, Oklahoma City Section 


f 


A. E. SWEENEY MRS. L. F. ELKINS M. J. POPOVICH 
_ Interstate Oil Compact Commission Chairman, Ladies Activities Sohio Petroleum Co. 
Chairman, Publicity Committee Sec.-Treas., Oklahoma City Section 


Technology Committee Officers 


These men chose the papers which will appear on the Fall Meeting programs. They 

are, left to right, Wayne E. Glenn, vice-chairman for California; Henry L. Waszkowski, 

Jr., vice-chairman for Production; Earl Kipp, chairman; Jack H. Abernathy, vice-chair- 
man for Drilling; and E. G. Trostel, vice-chairman for Gas. 
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> MAGCOBAR Product 


MUD THINNING ACENTS 


As drilling proceeds through the sedimentary beds of cloys, shale and 
sond, tiny porticles of these solid materials enter the drilling fluid. Many of 
the formation solids picked up by the drilling mud have a particle size that is 
in the colloidal range. Then, very small ts of taminants . . . such as 
salt or calcium compounds . . . cause these minute particles to agglomerate 
into @ spongy mass. In order to break up the tiny particles so that they act 
independently of one another instead of as spongy agglomerates, Magcobor 
has available speciol materials which chemically disperse these solids. This 
allows the operator to properly control the physical characteristics and take 
maximum advantage of the mud-making properties of the formations drilled. 
This results in a drilling fluid with optimum characteristics as to weight, viscosity, 
ge! strength and wall-building properties. Check with your MagcoBar field 
engineer on how you can take full advantage of the economies possible with 
9 mud thinning agents. Stocks of Magcobar products are carried in the 
field by more thon 300 Magcobor Dealers, ready to serve you day or night. 
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— ABSTRACTS — 


Of Papers to be Presented at Oklahoma City 


114-G 
An Application of Diffusity and Material-Balance 
Equations To a High Relief Pool 


A. Romero Juarez and J. Hefferan 
Petrdleos Mexicanos, Mexico, D. F. 


A method that combines the diffusity equation and_ the 
material-balance equation is presented to determine the over 
all porosity and mobility of the reservoir and water intrusion 
The procedure is based on the formulas and tables developed 
by A. F. van Everdingen and W. Hurst, and is applied to the 
Poza Rica oil field which is a high relief pool. An approach 
to the problem of locating the datum plane is given. A dis 
cussion of several proposed formulae for water encroac'iment 
is included and comparison is made between the result 
by these expressions and those obtained by the unsteady 
radial flow theory. 


given 


115-G 
The Calculation of Pressure Drop in the Flow of 
Natural Gas Through Pipe 


Fred H. Poettmann, Phillips Petroleum Co., 
Bartlesville, Okla. 


An equation has been derived for use in calculating the 
sandface pressure of flowing gas wells in which the variation 
of the compressibility factor of the gas with pressure is taken 
into consideration. This variation due to compressibility has 
been put into both graphical and tabular form. Comparison 
of calculated results with field measured results 
on 20 dry gas wells from a given field and 11 distillate wells 
from different fields. The agreement between calculated and 
observed results is good. In addition to their use in the cal 
culation of sandface pressure of flowing wells, the factor- 
can be used in the direct calculation of the static bottom hole 
pressure of gas wells, the capacity of gas transmission lines 
and in the calculation of the theoretical isothermal horsepower 
necessary to compress a natural gas. 


was made 


116-G 
The Effect of Withdrawal Rat, on the Uniformity 
Of Edgewater Intrusion 


M. Muskat, Gulf Oil Corp., Pittsburgh, Pa. 


Calculations are reported on tke differential sensitivity of 
the updip invasion of oil strata of varying permeability to the 
driving pressure differential. It is assumed that the water-oil 
interfaces advance with sharp fronts, or that the miscroscopi« 
displacement efficiency is independent of rate and capillary 
pressure effects. Under such conditions, limitations of with 
drawal will not greatly inhibit the “fingering” 
bypassing tendency through high permeability strata unless 
the differential fluid head across the original oi! column is of 
the order of or exceeds about 80 per cent of the driving 


rates and 


pressure differential. In practice, such restrictions will be 
feasible only for oil reservoirs and aquifers of high perme 
ability and dip, but may develop automatically under com- 
bined gas injection and water drive operations. 
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120-G 
Results of Gas Injection in the Cedar Lake Field 


R. M. Leibrock, R. G. Hiltz and J. E. Huzarevich, 
Stanolind Oil and Gas Co., Lubbock and Fort Worth 
Tex. 

This paper presents the re-ults of gas injection in a lime- 
Four years of gas injection into the San 
Andres formation in the Cedar Lake Field, Gaines County, 
Tex., has successfully maintained the reservoir pressure and 
productive capacity of the wells, and has resulted in consid- 
erable Performance data accumulated 
used to determine the sweep efficiency of the 


stone reservoir. 


increase in recovery. 
to date are 
injected gas. Projection of these data to depletion indicates 
that the ultimate recovery by gas injection can be increased 


appreciably. 


121-G 
Poza Rica — Its Development, Exploitation and 
Near Future 


J. Colomo, A. Barnetche and J. Hefferan 
Petréleos Mexicanos, Mexico, D. F. 


\ description is given about the development of the Poza 
Rica Reservoir, production, number of wells, gas/oil ratios, 
pressure surveys. A brief discussion is given on the geology 
and initial conditions of the reservoir. Future reservoir pres- 
sures for the next four years are predicted by the short-cut 
pressure-drop method and comparisons are made among dif- 
ferent projects of water and/or gas injection. A comparison 
is made, too, of ultimate recoveries under different programs 
of exploitation. 


122-G 
A Reservoir Analyzer Study of the Woodbine Basin 


R. C. Rumble, H. H Spain and H. E. Stamm, Ill, Humble 
Oil and Refining Co., Houston, Tex. 


This paper presents a reservoir analyzer study of the per- 
formance of the Woodbine formation in the East Texas basin. 
The study was made possible by the compilation of available 
information on the configuration, thickness and the pressure 
drawdown of the formation. The investigation was made of 
the variations in the basin incident to production 
from the several Woodbine reservoirs. The apparent com- 
Woodbine was evaluated so that the 
potential water yield of the formation could be determined. 
The distribution of permeability of the Woodbine sand and 
the interference between producing areas were also investi- 
gated. An acceptable match of the production-pressure rela- 
East Field was established on the 


yressure 


pressibility of water 


tionship in the Texas 


analyzer. 


123-G 
Effect of Data Errors on Typical Reservoir 

Engineering Calculations ’ 

Charles A. Hutchinson, Jr., The Atlantic Refining Co., 

Dallas, Tex. 

In reservoir analysis important quantities such as reservoir 
pressure, in-place oil and well damage are calculated from 
directly measured quantities and each measurement error has 


ree 





an effect on the calculated result. This paper employs statis- 
tical methods in the quantitative consideration of the effect of 
these measurement errors on answers calculated by specific 
formulas which may be taken as typical of reservoir pressure, 
reservoir pressure decline. initial in-place gas in distillate 
fields, initial in-place oil in unsaturated fields, initial in-place 
oil in solution gas drive fields, and well damage. 


124-G 
A Simplified Method for Computing Oil Recoveries 
By Gas or Water Drive 


Henry J. Welge, The Carter Oil Co., Tulsa, Okla. 


A useful analytical improvement has been derived in the 
method for computing the oil recovery from a reservoir oper- 
ating under gas drive, gravity drainage, or water flooding. 
Use of this improvement greatly simplifies the calculations 
because it makes unnecessary any numerical integrations. 
Plots of oil saturation against distance are likewise not needed. 
A further advantage of the method is that knowledge of the 
relative permeabilities is required for only a limited and 
intermediate saturation range. In both the original and the 
improved methods, a linear sand section is assumed, and for 
the case of gas drive it is further assumed that the pressure 
is maintained sufficiently constant so that changes in gas 
density, solubility, or in formation volume factor are negligible. 
Thus, the methods contemplate oil displacement by an immis- 
cible phase. 


125-G 
Displacement Mechanism in Multi-Well Systems 
Loyd R. Kern, The Atlantic Refining Co., Dallas, Tex. 


A procedure for determining the behavior of a reservoir 
under a gas or water injection program was reported by 
Buckley ard Leverett in 1941. This method has been extended 
to apply to a more general situation. The reservoir may ini- 
tially contain flowing quantities of the displacing fluid, or the 
fluid in the reservoir may be above saturation 
that solution effects are present. Production may occur behind 
the front as in the case of a well which is produced after 
breakthrough of the displacing fluid. The calculating proce- 
dure is simplified in that the graphical integration necessary 
to determine breakthrough saturation is eliminated by per- 
forming a direct integration and the graphical differentiation 
necessary to determine saturation distribution is eliminated 
by representing the displacing phase fraction of the flowing 
stream by an empirical equation. 


pressure so 


126-G 
The Delta-Log, a Differential Temperature 
Surveying Method 


R. B. Basham and C. W. Macune, Westronics, Inc., 
Fort Worth, Tex. 


Very small anomalies in oil well temperature are detected 
and measured by surface recording the difference in tempera- 
ture existing between two thermally sensitive elements which 
are spaced several feet apart on a small diameter carrier and 
lowered into the bore hole. The elements operate in a_bal- 
anced electrical circuit and send only a reference signal to 
the surface as long as normal gradient temperatures are en- 
countered. However, when the lower element enters a temper- 
ature disturbance in the downward traverse, it unbalances the 
circuit and produces large recorder deflections for minute 
anomalies. 
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128-G 
Hydrafrac Operations in the Spraberry Production, 
West Texas 


Waldo L. Grossman, Halliburton Oil Well Cementing Co., 
Midland, Tex. 


During late 1950 and up to present date in 195] the Spra- 
berry sand production of West Texas has created widespread 
interest in the oil producing industry. It is recognized that 
there are many controversial opinions concerning operations 
in the Spraberry, its economic value, and future development. 
The application of Hydrafrac procedures to completion of 
Spraberry wells has become prominent in the development of 
these sands. This paper outlines the geology and historical 
development of the Spraberry and the use of Hydrafrac appli- 
cations in these formations. 


130-G 
A Method for Predicting the Tendency of Oil Field 
Waters to Deposit Calcium Sulfate 


Henry A. Stiff, Jr., and Lawrence E. Davis, The Atlantic 
Refining Co., Dallas, Tex. 


A graphic method was developed which can be used to 
predict the tendency of oil field waters to precipitate calcium 
sulfate under a variety of conditions. Application of the 
method is made to the prediction of sulfate scale formation 
in heater treaters, boilers, oil well cooling systems and water 
injection wells. 


131-G 
Behavior of Dissolved Oxygen in Brine 


D. C. Bond, G. A. Marsh and G. G. Bernard, The Pure 
Oil Co., Crystal Lake, Ill. 


It is often assumed that aerated oil field brines which are 
underground contain dissolved oxygen in 
amounts which will cause appreciable corrosion. Through the 
use of a new portable dissolved oxygen meter, accurate deter- 
minations were made at three brine conditioning plants. At 
two older plants, dissolved oxygen concentration in the final 
treated brine was found to be almost zero in spite of aeration 
during the conditioning process. At a new plant, dissolved 


to be injected 


oxygen was initially present but disappeared soon after the 
brine was “inoculated” with oxygen-free brine from one of 
the other plants. Corrosion tests at the two older plants have 
substantiated predictions that the brines would not be corro- 
sive. These results show that mechanical deaeration may not 
always be required in brine treating plants. 


132-G 
Mobility Ratio — Its Influence on Flood Patterns 
During Water Encroachment 


J. S. Aronofsky, Magnolia Petroleum Co., Dallas, Tex. 


The results of potentiometric model studies and numerical 
computations are described. The purpose of these studies was 
to determine the influence of the mobility ratio on flooding 
efficiencies during water encroachment in petroleum reservoirs. 
in systems of regular well geometry. The direct line drive 
well pattern having relative spacing distances of 1.5 to 1 was 
investigated for water to oil mobility ratios of 10, 1. and 0.1. 
The results of these studies indicate that the pattern sweep 
efficiency is very dependent upon the mobility ratio. 
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133-G 
Observations From Profile Logs of Water Injection 
Wells 
H. H. Kaveler and Z. Z. Hunter, Phillips Petroleum Co., 
Bartlesville, Okla. 

Use of a recently developed water injection profile device 
revealed a highly accurate measurement of inflow rate of 
water into Burbank sandstone previously cored. Apparently 
vertical permeability influences flow between strata to the 
point of voiding usual beliefs drawn from horizontal perme- 
ability measurements alone. Results suggest many production 
operations need re-examination. 


134-G 
The Use of Models in Reservoir Engineering Studies 
An Appraisal 
Walter Rose and Ralph E. Gilchrist, Texas Petroleum 
Research Committee, Austin, Tex. 

It is seen that of the several remaining unsolved aspects of 
reservoir engineering, the estimation of reserves and recovery 
presents a problem of practical importance. This problem, as 
well as many others encountered, is of such complexity that 
rigorous analytical solution is not possible. The conclusion 
is thus made that study of these complex reservoir engineering 
problems by models might be an acceptable substitute proce- 
dure. Therefore, the basic postulates of dimensional analyses 
are reviewed, and the theory of model construction is de- 
scribed. Reference is made to the limitations of model work 
and to the practical difficulties encountered in the laboratory 
construction of models. Finally, a new type of model called 
the fluid mapper is discussed both with regard to the under- 
lying theory and with regard to possible specific application. 


135-G 
Visual Examinations of Fluid Behavior in 
Porous Media — Part | 
Alfred Chatenever, University of Oklahoma, and John 
C. Calhoun, Pennsylvania State College 

\ study was made to examine the possibilities of a visual 
approach in investigations into microscopic mechanisms of 
fluid behavior in porous media. Appropriate apparatus and 
techniques were developed so that microscopic phenomena 
could be recorded on color movie film as well as be observed 
visually. The observation flow cells in which the fluid bebavior 
studies were made were essentially single-layered matrices of 
spheres between plates. The fluids were limited to water and 
a filtered crude oil. Two flow regimes were observed during 
the flow of the heterogeneous liquids: channel flow and slug 
flow. In the former, transport was effected through stable net- 
works of interconnecting channels; and in the latter, part of 
the movement took place in the form of slugs. Flood front 
patterns were found to be different depending upon which 
liquids were the displacing and displaced phases. Residual 
formations of oil and water were observed and are described. 


136-G 
Possibility of Cycling Deep Depleted Oil Reservoirs 
After Compression to a Single Phase 
Donald L. Katz, University of Michigan 
The compressing of gas into a partially depleted gas drive 
oil reservoir to bring the contents to a single phase miscible 
with gas is proposed as a process worthy of serious study. 
The compressed gas and vaporized oil would be recovered by 
cycling. This paper explores the possibility of recovering oil 
from reservoirs of 6,000 ft or more by this method. 


September, 1951 


JOURNAL OF PETROLEUM TECHNOLOGY 


137-G 
Method for Determining Wettability of Reservoir 
Rocks 


R. L. Slobod and H. A. Blum, The Atlantic Refining Co., 
Dallas, Tex. 


A semiquantitative method for measuring the wettability 
of reservoir rocks has been developed. These data are needed 
for reservoir analysis and for interpretation of laboratory dis- 
placement studies. The wettability of a core sample is meas- 
ured by the contact angle for the system oil-water-solid. These 
contact angles are calculated from the displacement pressure 
(threshold pressure) obtained by use of the centrifuge using 
first oil-water and second air-oil in the same core sample. 
This method is based on the assumption that the air-oil and 
oil-water interfaces occupy similar positions in the porous 
medium when desaturation of the wetting phase is initiated. 
The assumption is also made that the contact angle for the 
air-oil-solid system which is close to zero in value does not 
change appreciably even when the contact angle for the oil- 
water-solid system experiences marked changes. 


138-G 
An Analysis of the Evaporation Method for 
Determining Interstitial Water 


Charles G. Dodd, U. S. Bureau of Mines, 
Bartlesville, Okla. 


A theoretical study of the principles of evaporation of liq- 
uids from large pores in petroleum reservoir rock core samples 
has resulted in the development of a working hy pothesis to 
explain the application of evaporation measurements to the 
determination of minimum interstitial-water content. Rate- 
determining factors that control kinetics of evaporation proc- 
esses have been considered in evolving the new hypothesis. 
Variations in temperature during evaporation experiments are 
found to have a negligibly small effect on evaporation inter- 
stitial-water measurements. Determination. of complete capil- 
lary-pressure curves by evaporation measurement is discussed 
briefly. Theoretical calculations indicate that minimum inter- 
stitial-water saturations determined by the evaporation method 
should correspond quantitatively with water saturations above 
transition zones in petroleum reservoirs. Experimental com- 
parisons between the evaporation method and the  well- 
accepted porous-disk method demonstrate excellent agreement. 


139-G 
Here’s Your Answer 
H. H. Rachford, Jr., and C. E. Williams, Jr., Humble Oil 
and Refining Co., Houston, Tex. 

An electronic digital computer and its application to reser- 
voir problems are discussed. A motion picture showing the 
fundamental operations as performed by the computer will 
be presented. The application of the computer to reservoir 
problems is illustrated by considering the problem of im- 
proving oil recovery from a dissolved gas drive reservoir by 
means of gas return to the reservoir. 


140-G 


Prediction of Saturation Pressures for Condensate- 
Gas and Volatile-Oil Mixtures 


E. |. Organick and B. H. Golding, United Gas Corp., 
Shreveport, La. 


\ simple correlation is presented for the prediction of satu- 
ration pressures in condensate-gas and volatile-oil mixtures. 


i ie 





Saturation pressure is related directly to the composition of 
the mixture with the aid of two generalized composition char- 


acteristics, B, the molal average boiling point. and V,,. the 
so-called modified weight average equivalent molecular weight. 
The need for hydrocarbon equilibrium constants is entirely 
eliminated. Only the values of the two composition parameters 
need be obtained, and these are calculated in a simple and 
reproducible manner from the stream analysis of the mixture 
and the ASTM distillation for the heavy ends. 


141-G 
Bridging Effectiveness of Perlite for Light Weight 
Cements and Lost Circulation 


Don Hall, Great Lakes Carbon Corp., Long Beach, Calif. 


The need for light weight cementing aggregate for use in 
oil well cementing is reviewed and results are presented from 
laboratory and field tests of perlite-cement slurries. The 
slurries may be obtained from either high early strength or 
normal Portland cements by the addition of perlite and ben- 
tonitic clay to control the weight and setting of the slurry. 
Substitution of perlite cement for conventional slow-setting 
cements may give better completion results because the 
lite cementing composition has lower setting strength, lower 
slurry density and greater slurry stability than conventional 
cement slurries. With the high bridging effectiveness of per- 
lite-cement containing a percentage of bentonite, it is possible 
to place longer columns of cement slurries and reduce the 


per = 


possibility of having uncemented sections caused by the set- 
tling of cement particles before the cement sets. 


142-G 


The Guard Electrode Logging System 
John E. Owen, Geophysical Research Corp., and Walton 


J. Greer, Halliburton Oil Well Cementing Co., 
Houston, Tex. 


The Guard Electrode system measures the resistivity of 
formations by employing a thin disk of current which is 
caused to flow perpendicular to the bore hole. The control of 
this current disk is obtained in a brute force manner through 
the use of relatively long equipotential electrodes above and 
below the measuring electrode. The log obtained from the 
system is free of “lag.” “plateau.” “shadow,” reflection.” and 
other distortions evident on conventional logs. The propor- 
tionate contributions of the hole size and invaded zone resis- 
tivity to the apparent resistivity reading are reduced when the 
mud and filtrate resistivities are lower. Thus. the Guard system 
favers the use of conductive muds. 


143-G 
Radial Filtration of Drilling Mud 
C. L. Prokop, Humble Oil and Refining Co., Houston, Tex. 


\ laboratory investigation has been made of the effects of 
mud hydraulics upon the formation and erosion of mud filter 
cakes. The tests were conducted to simulate drilling condi 
tions as nearly as possible. The formation of mud filter cake 
in a drilling well does not proceed at a uniform and unbroken 
rate. Instead, the rate of cake accumulation depends upon 
whether or not the mud is being circulated. If the mud col 
umn is quiescent, filter cake formation is a smooth function of 
the filtration characteristics of the system. If the mud is being 
circulated filter cake formation depends not only upon the 
filtration characteristics of the mud but also upon the erosive 
action of the flowing mud column. 
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144-G 
The Effect of Circulating Media and Nozzle Design 
On Rock Bit Performance 


L. L. Payne, Hughes Tool Co., Houston, Tex. 


The detrimental effect of various drilling muds upon pene- 
tration rate and footage drilled by rock bits has been recog- 
nized for many years. During the past three years. extensive 
laboratory and field tests have been conducted to determine 
the effect that different circulating media have on bit per- 
formance. Improvement in drilling muds has provided better 
control of the known conditions encountered in drilling a 
bored hole into the earth’s crust. Unfortunately, some of the 
muds have a detrimental effect on the penetration rate and 
footage drilled by rolling cutter rock bits or blade type bits. 
This paper presents data from laboratory and field tests of 
different drilling media circulated while drilling in forma- 
tions ranging in hardness from soft shales to high strength 
lime, dolomite and chert. The volume of fluid circulated and 
nozzle position have a marked influence on bit performance 
and also affect hydraulic requirements. 


145-G 
A New Additive for Control of Drilling Mud 
Filtration 


R. A. Salathiel, Humble Oil and Refining Co., 
Houston, Tex. 


\ new synthetic material has been developed which is 
highly effective in treating drilling muds to reduce filtration 
rate. The material is the soluble salt of a very high molecular 
weight condensation product of sulfonated phenol and _for- 
maldehyde (SPIF). Laboratory tests show that SPIF is effec- 
tive in muds of all salinities varying from fresh water to satu- 
rated salt water. Alkaline materials, such as soda ash or caus- 
tic and quebracho, may be used in combination with SPIF to 
advantage, and are essential in muds containing saturated salt 
water. In a field test where the water used in the mud had a 
salinity of about one-half that of sea water, SPIF in combina- 
tion with caustic and quebracho made a very satisfactory mud. 


146-G 
Experimental Evaluation of Well Perforation 
Methods as Applied to Hard Limestone 
Henry Lewelling, The Atlantic Refining Co., Dallas, Tex. 


An experimental investigation of the relative effectiveness 
of standard bullets and “shaped charges” in perforating dense, 
hard carbonaceous reservoirs is described. A method is de- 
scribed which simulates the conditions under which a shot is 
normally used. Results are evaluated on the basis of depth 
of penetration, and nature of 


formation damage, and other physical characteristics. 


extent of fracturing, exent 


147-G 
Correlation of Radioactive Logs of the Lansing and 
Kansas City Groups in Central Kansas 

John V. Morgan, Stanolind Oil and Gas Co., Tulsa, Okla. 

The erratic Lansing-Kansas City groups are an alternating 
-equence of cyclic deposits of thin limestone and shales vary- 
ing from 200 te 409 ft in total thickness and oil production 
has been found at various intervals therein. To date, it has 
net been possible to consistently identify and correlate each 
cycle or zone by well cuttings or electric logs and penetration 


September, 1951 





has been used instead. It has been reasoned that definite 
identification and correlation of these variable zones over an 
appreciable distance could be of value at future wells and 
during testing of recent wells. Such correlation and identifica- 
tion has apparently been possible through use of recent 
Gamma Ray-Neutron Logs. The 14 selected correlatable 
cyclic units or zones have been designated by the letters 
A through M. Lithological and stratigraphic characteristics 
have been observed for each correlatable zone during cross 
section preparation and various log studies. Production data 
have been analyzed on 471 positive tests at 174 wells. 


148-G 
Lost Circulation Corrective: Time-Setting Clay 
Cement 


J. U. Messenger and J. S$. McNiel, Jr., Magnolia 
Petroleum Co., Dallas, Tex. 


In the drilling of oil wells the control and prevention of 
lost circulation of the drilling fluid is a problem which is 
frequently encountered. A new material and method for apply- 
ing to the loss zones have been developed which appear to be 
superior to existing techniques in many respects. The mate 
rial, called a clay cement, is capable of being handled as a 
drilling fluid after initial mixing of the solid ingredients with 
water and may be pumped down the drill pipe and squeezed 
into loss zones. After a short period, the material develops a 
very high gel strength which seals off the zone against further 
losses of the drilling fluid. 


149-G 
Efficiency of Gas Displacement from Porous Media 
By Liquid Flooding 
T. M. Geffen, D. R. Parrish, G. W. Haynes and R. A. 
Morse, Stanolind Oil and Gas Co., Tulsa, Okla. 


Flow tests on small core plugs have indicated that a large 
amount of residual gas is trapped and not recovered by water 
flooding a gas sand. A thorough investigation was made to 
ascertain that this phenomenon actually occurs in reservoirs 
and is not merely a laboratory phenomenon. In field experi- 
ments, the amount of gas left in a watered-out gas sand was 
measured by use of a pressure core barre! and the residual 
gas saturation of two watered-out gas sands was determined 
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by electric log evaluation. In the laboratory, an investigation, 
was made of factors that could possibly cause the value of 
residual gas saturation as measured on small core plugs to 
differ from what occurs in the reservoir, and the effect of 
these factors on the amount of residual gas saturation was 
studied. 
150-G 
Natural Gas in the Province of Alberta, Canada 


J. F. Dougherty, Empire Trust Co., New York, Anthony 
Folger and Joffre Meyer, DeGolyer and MacNaughton, 
Dallas, Tex. 


Exploration activities over the past three years in Alberta, 
Canada, have placed this province in the forefront of the 
areas for active discovery of important natural gas reserves. 
Five proposed long distance natural gas p'pe lines have ap- 
plied for permits to export gas from the province. Indicated 
natural gas reserves range upward of 12 trillion cu ft with 
prospects that this total will be substantially increased within 
the next few years. Basic geological and engineering facts 
regarding the occurrence of natural gas in the province with 
type examples of the different gas accumulations are presented. 
Discussion of the problems of the future availability of pipe 
line gas from the various types of accumulations supplement 
the field studies. 


151-G 
Equilibrium Vaporization Ratios for Nitrogen, Car- 
bon Dioxide, Hydrogen Sulfide and Methane in 
Crude Oil-Natural Gas and Absorber Oil-Natural 
Gas Systems 
R. H. Jacoby and M. J. Rzasa, Stanolind Oil and Gas 
Co., Tulsa, Okla. 

Chis paper presents experimental equilibrium vaporization 
ratios obtained for nitrogen, carbon dioxide, hydrogen sulfide, 
and methane in two mixtures each of crude oil-natural gas and 
absorber oil-natural gas. Temperatures covered are 100, 150, 
and 200°F, and pressures are from 200 to 5,000 psia. A de- 
scription is given of the high-pressure variable-volume win- 
dowed cell used in equilibriating co-existing liquid and gas 
phases. The pressure range of this cell is up to 20,000 psia 
with temperatures up to 300°F. The cell avoids the use of 
mercury, volume being varied by means of a piston. 


Speak 


ind North African affairs. 


Eastern and African affairs for the State 
Department, will be the Welcoming 
Luncheon speaker for the Mid-Conti- 
nent Fall Meeting in Oklahoma City 
October 3. McGhee, an AIME member, 
was formerly a partner in the firm of 
DeGolyer and MacNaughton in Dallas. 
Well informed on Mediterranean affairs, 
he was designated to handle the Greek- 
Turkey aid program following the end 
of World War Il. He has been active 
in State Department affairs since 1941, 
with the exception of time spent in the 
Navy during the war. 

Being a geologist and geophysicist, 
McGhee is considered extremely val- 
uable to the government in considering 


His present title is Assistant Secretary 
of State, one of 10 assistants provided 


to handle geographical areas and spe- 
cial functions of the State Department 
set up as a 
Commission recommendations. 

Prior to his present activity, McGhee 
served as special assistant to Under- 
secretary of State William L. Clayton. 
A native of Waco, Tex., he attended 
public schools in Dallas and completed 
degree requirements at the University 
of Oklahoma, Oxford and the Univer- 
sity of London. 

McGhee will speak in the Persian 
Room of the Skirvin Hotel immediately 
Welcoming 


result of recent Hoover 


following the Luncheon. 
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NEW SERVICES . wey OO? 
NEN WAYS OF Doing THINS 





KX Latest News About New Tools, Techniques and Services fs) 





Announcing the NEW 


McCULLOUGH RADIATION WELL LOGGER 
for Better Gamma Ray Logging 


Featuring Accurate Logging of THIN Beds with a 
NEW METHOD of Detecting Radioactivity! 


‘Accurate logging of even the THINNEST beds in your well 
is now possible. This means that beds from 12 feet down to 
ne foot and even less, can be accurately located and logged 
for the first time! 
’ Sharp logs with high peaks, more breaks, straighter sides, 
restos definition, and more definite markers have been pro- 
Wuced with the new McCullough Radiation Well Logger. Some 
of the most difficult zones in Texas and California have been 
logged with outstanding results in the last 12 months. New, 
thin producing zones have been located—zones that had for- 
merly been missed completely! These logs by actual compari- 
gon, are SHARPER than an S.P. or Resistivity log, although 
Made through several strings of casing! 

All this is made possible by the use of a radically NEW 
METHOD of detecting radioactivity —the McCullough 
Scintillometer. 


McCULLOUGH SCINTILLOMETER 


It was formerly thought impossible to decrease the length of 

the counter and at the same time increase its sensitivity. It 
as been acknowledged that IF such a counter could be 

developed, a sharper, more accurate log would result. 

In order to get such results it was necessary to depart from 
@sual methods of detecting gamma ray radiation. The counter 
in the new McCullough Radiation Well Logger is the 
a Scintillometer — a solid counter. Because of its 

igh density it is capable of detecting practically ALL gamma 
fays striking it. It is shorter in length than the radius of any 
fiole it may be run in, yet it is a great many times MORE 
Sensitive than any counter of equal length. 

The McCullough Scintillometer is not electrically excited. 
Measurements made are independent of electrical leakage and 
only radioactivity is measured. 

This extremely small counter permits logging even the 
THINNEST beds at their TRUE radioactive level. Base of the 
break on the log IS the base of the bed — thick or thin. 

The supersensitivity of the McCullough Scintillometer per- 
mits considerably greater detail in the completed log, since: 

1. Its efficiency is close to 100%. 

2. It is equally sensitive to high and low energies, yet it 

does not record meaningless counts (No background 
radiation). 





McCULLOUGH TOOL COMPANY 
5820 South Alameda Street, Los Angeles 58, California 
405 McCarty Street (P.O. Box 2575) © Houston, Texas 
CANADA: Edmonton, Alberta * EXPORT OFFICE: Los Angeles, California 
VENEZUELA: United Oilwell Service Co., S.A.; Coracos, Anaco, Maracaibo 


3. The high count rate, increased running speed, and 
decreased time constant gives less drag or lag at forma- 
tion edges. 


AVAILABILITY 
The McCullough Radiation Well Logger is now available in 
Texas and California. Other instruments are in production 
and will be made available in all other areas as fast as we 
can obtain necessary supplies and equipment. Contact the 
McCullough Service Engineer in your locality for latest 
information. 





EASIER, MORE ACCURATE 
INTERPRETATION BECAUSE: 
Thin beds are logged at their TRUE radioactive level 
A greater detailed log although run two to three times 
faster 
Curves produced contain more breaks, greater definition, 
more definite markers 
Original log is sharper than an S.P. or Resistivity log 
Original log DOES NOT need retouching or redrawirg 
It is calibrated in International Units permitting quan- 
titative measurements of rcdioactive radiation 
Since it has no instrument or temperature drift, it can 
be used as a future reference tool 
It records an extremely broad band of radiation waves, 
and only part of the band can be measured if desired 
It has located new producing zones where other methods 
had failed to record 
Only radioactivity is measured. 

It does not record meaningless counts ‘No background 
radiation 

Collar log made simultaneously 

Correlates more accurotely with electric logs. 

Counter is not energized by electrical power, eliminating 
unknown counts due to electrical leakage. 











PERFORATING, TESTING AND FISHING 





SERVICE ANYWHERE — ANYTIME! 


SERVICE LOCATIONS: TEXAS: Houston, Snyder, Alice, Cisco, 
Corpus Christi, McAllen, Odessa, Tyler, San Angelo, Victoria, Wichita Falls 
OKLAHOMA: Oklahoma City, Guymon, Healdton. MISSISSIPPI: Laurel 
NEW MEXICO: Hobbs. KANSAS: Grect Bend. WYOMING: Cosper 
CALIFORNIA: Los Angeles, Avenal, Bakersfield, Ventura. LOUISIANA: 
Houma, Lake Charles, New Iberia, Shreveport. COLORADO: Sterling 





“West Coast Meeting Program 


THURSDAY, OCTOBER 25 
8:00 a.m. to 5:00 p.m. — Registration, sole of tickets and review of ex 
hibits — Elks Club Auditorium. 
9:15 a.m. to 11:50 a.m. — Technical Session — Elks Club Auditorium 


Morning Session 
Opening remarks, C. P. Watson, General Chairman 

155-G: Analog Productivity Relationships Applied to Current 
Gun Perforating, by Val L. Forsyth, Lane-Wells Co 

157-G: Effect of Drilling Fluids on Productivity, by Charles 
C. Wright. Oilwell Research, Inc. 

158-G: High Pressure — High Temperature Filtration Beha 
vier of Drilling Fluids, by F. W. Shremp and V. L. Johnson 
California Research Corp. 

12:15 p.m. — Pacific Petroleum Chapter Luncheon and Business Meeting 
at Town House Hotel. 

1:40 to 2:00 p.m. — Motion pictures. 

2:00 p.m. to 4:40 p.m. — Technical Session — Elks Club Auditorium 


Afternoon Session — Gas 
159-G: California Gas Supply, Present and Future, by S. A 
Bradfield, Southern California Gas Co. 
167-G: Economic Evaluation of Gas 
Davis, Richfield Oil Corp. 
162-G: Cook Ranch Field Gas Injection Project, by W. W 
Wilson, Continental Oil Co. 


Injection, by ¢ 


Afternoon Session — Production Research 
160-G:: Utilization of Production Research, by J. E. Sherborne 
Union Oil Co. 
156-G: Improved Multiple Phase Flow Studies Employing 
Radioactive Tracer, by V. A. Josendal, B. B. Sandiford and 
J. W. Wilson, Union Oil Co. 


140-G: Prediction of Saturation Pressures for Condensate 
Gas and Volatile-Oil Mixtures, by E. 1. Organick and 
B. H. Golding. United Gas Corp. 


FRIDAY, OCTOBER 26 
8:30 a.m. to 5:00 p.m. — Registration, sale of tickets and review of ex- 
hibits — Elks Club Ball Room. 


9:15 a.m. to 11:45 a.m Technical Session — Elks Club Auditorium. 


Morning Session 

163-G: High Viscosity Oils, Effect on Oil Recovery. by Mar- 
tin Felsenthal, Continental Oil Co., and Sam T. Yuster, 
U.C.L.A. 

164-G: Recent Laboratory Investigations in Secondary Recov- 
ery in California, by Norris Johnston, Petroleum Technolo- 
gists, Inc. 

165-G: Water Flood Case Histories, by E. P. Burtchaell, Hono- 
lulu Oil Corp., and E. R. Smith, Seaboard Oil Co. 

12:15 p.m AIME Southern Calif. Section Hosts. 

1:45 p.m. to 2:00 p.m Motion pictures. 

2:00 p.m. to 4:40 p.m. — Technical Session — Elks Club Auditorium. 

Afternoon Session 
Present Methods and Trends of Quantitative Electric 
E. Walstrom, Standard Oil Co. of 


Luncheon 


161-G: 
Log Interpretation, by J. 
California. 

166-G: Taxation of the Oil Industry, by W. H. Geis, Con- 
sultant. 

168-G: Technological Trends in the Drilling Industry, by 
\. H. Bell, Bell and Burden, Inc. (Joint paper by members 
of the American Association of Oilwell Drilling Contrac- 
tors). 

8:00 p.m. — Dinner dance for all AIME members and guests — Rainbow 
'sle, Hotel Mayfair. 


West Coast Meeting Officers 


Wayne E. Glenn 
Continental Oil Co. 
Program Chairman 


R. A. Hancock 
Lane-Wells Co. 
Sec.-Treas., Pac. Pet. Chap 


E. A. Beauchamp 
Lane-Wells Co. 
Publicity Chairman 


C. P. Watson 
Kettleman North Dome Assoc 
General Chairman 


Basil P. Kantzer 
Union Oil Co. of Calif. 
Chairman, Pac. Pet. Chap. 


K. E. Barley 
Baroid Sales Div. 
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ABSTRACTS 


of Papers to Be Presented at Los Angeles 
(Balance of Program to be Published Next Month) 


155-G 
Analog Productivity Relationships Applied to 
Current Gun Perforating 

Val L. Forsyth, Lane-Wells Co., Los Angeles, Calif. 

Confusion exists as to how to evaluate various gun types 
so as to efficiently and economically apply them to daily com- 
pletion problems. Electrolytic Analog experiments have shown 
promise of providing a basis for comparing gun equipment 
if gun performance is reduced to satisfactory form for com- 
parisons. Performance data are provided and one way in 
which Analog data can be used is shown. 

157-G 
Effect of Drilling Fluids on Productivity 
Charles C. Wright, Oilwell Research, Inc., 
Long Beach, Calif. 

A laboratory study of the effect of commercial completion 
drilling fluids on oil permeability of Wilmington cores. Nat- 
ural cores containing interstitial water were used. Cores were 
mudded off at 100 psi or had mud filtrate passed through and 
the return permeability to oil determined at 1.5 and 15 psi 
for periods of flow up to 500 hours. 

164-G 
Recent Laboratory Investigations of Secondary 
Recovery in California 
Norris Johnston, Petroleum Technologists, Inc., 
Montebello, Calif. 

The status of water flooding in California is reviewed. The 
part played by laboratory work in helping direct the develop- 
ment of flooding operations is discussed. Some indications are 
given of the manner in which heavy oil and soft sands react 
to flood pot testing. 


EXHIBITORS 
LOS ANGELES 


Will 


B and W Incorporated (Booth 17) 


Scratchers and Centralizers, used for obtaining a better pri- 


display 


mary cementing job. Charts will show results of recent tests 
of the B and W Latch-On Centralizer. 


Baker Oil Tools, Inc. (Booth 8) 


Casing Centralizer, Casing Scraper. 


Will 
Retainer 
Packer, Cement Retainer and Casing Bridge Plug. 

Baroid Sales Division (Booth 3 )—An exact-scale model 
derrick, fully equipped with tongs, slips. bumper hose, swivel. 


exhibit the 
Production 


traveling block and crown block. 


Eastman Oil Well Survey Co. (Booth 18) — A lighted 
display showing an oil well bore hole that is directionally 
drilled under a salt dome. indicating the direction of the bore 
and the trapped oil deposits. Plastic models of the Single Shot. 
Mechanical Drift Indicator. Multiple Shot and other tools. 
The Ford Alexander Corp. (Booth 9) —The Free 
Point Indicator, which indicates movements in torque as 
well as stretch on a surface panel, will be shown as a working 
model and display tool. Also a model of the String-Shot Back- 
Off. so designed that the explosive jar will not damage pipe. 
Garrett Oil Tools (Booth 6) — Complete cutaway full- 
size models of gas lift equipment, and a scale. plastic model 
which can be made to duplicate normal well conditions. 
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159-G 
California Gas Supply, Present and Future 
S$. A. Bradfield, Southern California Gas Co., 
Los Angeles, Calif. 

This paper outlines the growth of California population 
and explains how gas requirements have grown with it. Home 
and industrial consumption of gas in California is compared 
to population growth. 

165-G 
Pressure Control By Water Injection, A Resume of 
Case Histories 
E. P. Burtchaeli, Honolulu Oil Corp., San Francisco, 
Calif., and E. R. Smith, Seaboard Oil Co., 
Glendale, Calif. 

Case histories of 11 fields in the Mid-Continent area, visited 
in early 1951, where water is used as a primary pressure con- 
trol media are presented. Detailed information, where avail- 
fluid and sand characteristics, water treat- 
ment, surface and subsurface equipment, degree and methods 


able on reservoir 


of reducing or eliminating by-passing of injected water. oper- 
ating and injection costs and magnitude benefits achieved. 
168-G 
Technological Trends in the Drilling Industry 

A. H. Bell, Bell and Burden, Inc., Pasadena, Calif. 

(Joint paper by members of American Association of 
Oilwell Drilling Contractors) 

This paper analyzes and discusses the degree of technologi- 
cal advance that has made in the oil drilling 
industry since its inception. It is not a technical discussion 
of specific methods or accomplishments, but rather a review of 
the factors retarding the growth of technical approach. 


been well 


Halliburton Oil Well Cementing Co. (Booth 1) 

\ float collar and guide shoe. a “DV” Multiple Cementing 
Tool, a “DM” Squeeze Packer, and a formation testing tool 
will be exhibited in cutaway models. Also a caliper tool, gun 
perforator, roto wall seratchers and casing centralizer. 

M. O. Johnston Oil Field Service Corp. (Booth 2) 
Models of Formation Perforators. Pressure Survey 
Equipment and Well Jars. 

Lane-Wells Co. (Booth 7) Various sizes of three types 
of Bullet Guns and three types of Koneshot Guns, as well as 
surface tests 


Testers, 


numerous cross-section obtained in 


which reveal the hole characteristics and penetrations. 

Martin-Decker Corp. (Booth 14)— The Type “F” 
Weight Indicator and Ideal Type “F” Wire Line Anchor, with 
features making possible more accurate, sensitive and 


targets in 


new 
practical weight indication for small and medium size rigs. 
Also the Hydro-Mech torque gauge. the Tong Torque instru- 
ment and the two-pen cement recorder with strip chart drive. 


McCullough Tool Co. (Booth 15) — Demonstrations of 
electric wire line tools, including Radiation Well Logger with 
Supersensitive Point Indicator, Glass Jet Perforator with 
Flexible Steel Strip Carrier; Magna-Tector for locating stick- 
ing point; back-off tools, and Jet Casing Cutter. 
Rapid Blue Print Co. (Booth 16) Will 
sets of pictures and serve free soft drinks 

Schlumberger Well Surveying Corp. (Booth 5) 
Will serve free coffee and doughnuts at the “Sinker Bar.” 


give away 
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EXHIBITORS 
OKLAHOMA CITY 


B and W Incorporated (Booth 12) Scratchers and 
centralizers will be displayed, and charts showing results 
of recent tests on the Latch-On Centralizer with the new KON- 
KAVE BOW. An additional display will cover gravel packing 
techniques as used on the Gulf Coast. 


Baker Oil Tools, Inc. (Booth 15) — Will exhibit the 
Model “D” Retainer Production Packer, together with acces- 
sory equipment; the Model “K” Cement Retainer with the 
Model “L” Circulation Joint and Control Unit; the Model 
“D” Hydraulic Expansion Wall Scraper; the Model “RT-8” 
Retrievable Cementer; and the Rotovert Casing Scraper. 


Core Laboratories, Inc. (Booth 9) — Will 
derrick-side well logging units, showing exterior and interior 
views of equipment in use, and will demonstrate on-location 
and off-location core analysis. Coffee will be served free to 
visitors. 


The Dia-Log Company (Booth 22) — A tool display of 
tubing and casing survey instruments, a working model and 
display tool of the Free Point Indicator, and a working plastic 
model of the String Shot Back-off for recovery of drill pipe 
drill collars and tubing. 

Dowell Incorporated (Booth 14) — The 
Glass Gun, consisting of a number of shaped explosive charges, 
encased in fluid-tight glass containers, and held in a carrier 
made of aluminum tubing. The charges are placed in the 
carrier according to the spacing pattern desired. The gun 
itself is completely destroyed when fired. 


illustrate 


expendable 


Dresser Industries, Inc. (Booths 6 and 7) A 9x20 
ft exhibit board will display three-color transparencies of 
Dresser activities. Will also show an operating model rig in 
miniature. Literature on various equipment will be available. 
and the booth will be staffed by representatives of Dresser’s 
various operating companies. 

George E. Failing Supply Co. (Booth 3-A) —— Featu 
ing new equipment ideas to speed up drilling and reduce costs, 
especially equipment and procedures for drilling with air 
produced and tested by the company’s research department 
Movies of Failing equipment in actual field operation will be 
shown. 


Geolograph Co., Ine. (Booth 4) The Geolograph re 
corder, which shows graphically rotary drilling rate of pene 
tration, will be demonstrated. The instrument is actuated by 
a steel cable fastened to the gooseneck of the rotary swivel, 
passing over a pulley at the crown and kept under tension by 
a spring loaded retrieving reel on the recorder. 


Will dis- 


Geophysical Research Corp. (Booth 17) 
play a working cutaway model, including all parts, of the 
Amerada Bottom Hole Recording Pressure and Temperature 
Gauge. A petroleum engineer and a gauge maintenance engi- 
neer will be on hand to discuss gauge problems. 


Grove Regulator Co. (Booth 2) — Will exhibit the Ver 
satile Flexflo Expansible Tube Valve, the Chexflo Check Valve 
used in meter runs, disposal lines and other services. Also 
will show the Powreactor Dome Regulator, the Seat-Seal 
Valves and the Models “S” and “SL” Valves. 

Halliburton Oil Well Cementing Co. (Booth 3) 
Cutaway models showing the inner working mechanisms of the 
float collar and guide shoe, a “DV” Multiple Cementing Tool. 
a “DM” Squeeze Packer, and formation testing tool. Also pro- 
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duction models of a caliper tool, gun perforator, roto wall 
scratchers and casing centralizer. 

Hughes Tool Co. (Booth 11) — Will feature “Tooth 
Patterns” cut in sandstone, marble, quartzite and dolomite 
to show the effect of design features on drilling efficiency. 
Four major types of Tricone Rock Bits along with representa- 
tive samples of rock for which they are designed. Will also 
show cross-section views of rock bits, tool joints and core bits. 
Johnston Oil Field Service Corp. (Booth 13) — Will 


display late model equipment. 


Keystone Development Corp. (Booth 10) — Will ex- 
hibit the SONOLOG, an instrument for measuring the fluid 
level in producing oil wells by the acoustic method, in order 
to determine bottom-hole pressure, productivity index, and 
the source of operating difficulties, such as defective pump 
or tubing. 

Lane-Wells Co. (Booths 19 and 21) One popular 
size each of the Type A, Type A-2, and Type E Bullet Guns; 
and the standard, Open-hele and Type F-2 Koneshot Guns. 
Will also display cross-section targets obtained in surface tests 
showing performance characteristics of the various guns. 
Larkin and Co., Ine. (Booth 18) 


of various types of packers 


Working models 
designed for both primary 
and secondary recovery operations, including pressure packers, 
retrievable plug packers, production packers, and those de- 
signed for dump flood or pressure flooding. A “Packerlog 
Service” of drawings giving the solution to any specific pack- 
ing problem, is provided. 


Lufkin Foundry and Machine Co. (Booth 8) — A 
working scale model of the TC-1A-41C Twin Crank Pumping 
Unit, complete with derrick; and a cutaway model of a 40,000 
psi peak torque gear box, with glass panels to aid in visual- 
izing the working parts and circulation of oil through the 
system. 

McEvoy Co. (Booth 23) \ scale model 
Christmas Tree equipped with the Automatic Lubricated Gate 


Valves. 


Otis Pressure Control (Booth 16) 
and dually-completed 


cross-section 


Sub-surface iools 
wells, including full- 
color installation drawings showing the flow of both zones 
through the Otis 


equipment for 


“selective” cross-over packer; the cross-over 
the two-zone pump, and tubing safety valves 
for both zones of dual wells. 

Schlumberger Well Surveying Corp. (Booth 20) 
The new Laterolog. including a working model and compara- 
tive field examples. 


nipple assembly; 


The Laterolog operates by means of a 


sheet of current focused on each successive formation, thus 


recording only the resistivity of the formation opposite the 


electrode system. 


Shaffer Tool Works (Booth 1) — Data on the Hydrau- 
lie Cellar Control Gate, featuring self-draining ram compart- 
ments and lower closing-pressure requirements; the Bumper 
Safety Joint, combining in one tool a rigid wobble-free drive- 
down bumper sub and a foul-proof safety joint; the Jar Safety 
Joint, and the Rotating Blowout Preventer. 

Sola Catalytic Co. (Booth 24) A stop- 
ping the formation of scale and gradually removing existing 
scale and reducing corrosion by catalytic treatment of indus- 
trial and potable water. The process does not alter the chem- 
ical structure of water, but utilizes hermetically sealed cells 
that tend to disperse scale- and corrosion-forming elements. 
Weatherford Oil Tool Co. (Booth 5) — Will display 
drill pipe wipers and protectors and various models of scratch- 
ers and centralizers. 


process for 
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BY ANY YARDSTICK...CEMENTING PRICES ARE LOW 











WAGES: The Howco cementer is a carefully selected 
technician equipped by training and experience to handle 
any problem that a wide variety of conditions may present. 

He operates equipment worth more than $50,000, 
and shares in the guardianship of a reputation that can- 
not be appraised in terms of dollars. 

His pay check today is 70% larger than it was in 
1924. The average cost to the customer of the cementing 
service he performs is actually less. 


By any yardstick, Halliburton cementing prices are low. 


Ricks. P24 etd bs De 


Chairman of the Company 


HALLIBURTON OIL WELL CEMENTING CO. 


Duncan, Oklahoma 











AMERADA 
BOTTOM HOLE RECORDING 
PRESSURE AND TEMPERATURE 

GAUGES 


You are cordially invited to visit 
our display booth No. 17, Bilt- 
more Hotel, Oklahoma City, at 
the AIME Fall Meeting. We will 
have both petroleum and mainte- 
nance engineers on duty to discuss 


your gauge problems. 
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DISCUSSION OF THIS AND ALL FOLLOWING TECHNICAL PAPERS IS INVITED 
Discussion in writing (3 copies) may be sent to the Editor, Journal of Petroleum Technology, 408 Trinity Universal Blidg., 
Dallas 1, Texas, and will be considered for publication in the Transactions volume Petroleum Development and Technology. 
Discussion will close December 31, 1951. Any discussion offered thereafter should be in the form of a new paper. 





PRIMARY HIGH PRESSURE WATER FLOODING 
IN THE PETTIT LIME HAYNESVILLE FIELD 


D. W. AKINS, JR., OHIO OIL CO., SHREVEPORT, LA., MEMBER AIME 


ABSTRACT 


The case history of a combination gas and water flood in- 
stituted early in the life of a field is described. It was recog- 
nized from the beginning that recovery would be low, under 
normal production methods, from the several separate, thin 
beds of porous limestone which had such poor native perme- 
ability that the wells would not produce without acidizing. It 
is thought that the combination flood gives excellent recovery 
efficiencies for this type of reservoir. The chief function of the 
gas flood now is to maintain bottom hole pressure in that part 
of the reservoir which will not be affected by the water injec- 
tion program until later. Present estimates are that ultimate 
recovery will be approximately double the recovery expected 
under the original solution gas drive mechanism. Wide (80- 
acre) spacing has enhanced the economics of the over-all field 
program by the elimination of more than $5,000,000 worth 
of unnecessary wells. 


INTRODUCTION 


The Haynesville Pettit Field was discovered in November, 
1941, with the completion of T. L. James Co.'s Callie 
Akin No. 1, located in the W 1% of the NE 14 Section 27-23N- 
8W, Claiborne Parish, La., at an approximate depth of 5,300 
ft. The center of the field is about two miles north and a mile 
west of the town of Haynesville, La. A total of 189 producing 
wells have been drilled on 14,500 acres. An additional nine 
were drilled. The Louisiana-Arkansas state 


dry holes line 


Manuscript received in the Petroleum Branch office August 20, 1950 
Paper presented at the Petroleum Branch Fall Meeting in New Orleans, 
La., Oct. 4-6, 1950. 
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divides the field so that 34 wells are in Arkansas and 155 are 
in Louisiana. 

Governmental sections are divided equally to contain eight 
production units making 80-acre spacing where the sections 
are regular. Along the state line in Louisiana there is an 
irregular tier of sections, each of which contains approximately 
456 acres. When divided equally into eight production units 
the spacing is 57 acres per well for these three and a fraction 
productive sections. All Haynesville Pettit wells are identified 
by their section number followed by their position in the sec- 
tion as determined by numbering the production units counter- 
clockwise beginning in the upper right corner of the section. 

All of the producing wells in the field except two are unit- 
ized and operated by the Haynesville Operators Committee. 
These two wells are located in the extreme northern part of 
the field in Arkansas. Efforts to bring them into the Unit are 
being continued. 

The Pettit operators organized the Haynesville Operators 
Committee and the field became a unit operation May 1, 1944. 


GEOLOGY 


The Pettit is Lower Cretaceous in age and is defined as the 
uppermost porosity in the Sligo formation. The unitized area 
known as the Haynesville Pettit Field is composed of two 
separate zones of porosity approximately 40 ft apart and 
without connection between the two, except in wells. These 
zones are known as the Upper Pettit and the Lower Pettit. 
The Upper Pettit is separated into two sections throughout 
most of its area by a relatively thin but quite impervious shale 
streak. These are called the “A” and “B” sections of the 
Upper Pettit. 

All of these lenticular zones are composed of coquina lime- 
stone and a small percentage of normal oolites. The large 
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FIG. 1 — STRUCTURE MAP, PETTIT LIME, HAYNESVILLE FIELD. 


shell fragments, small fossils and oolites were at one time 
subjected to partial solution, and then later caleium car- 
bonate in the form of fine crystals was precipitated in such a 
way as to build up on the particles and to line the interstices 
so that there resulted a fairly porous rock with relatively low 
permeability. Porosity averages about 19 per cent. Perme- 
ability is rather uniform in the separate zones, averaging about 
23 md. The maximum permeability measured was 250 md. 

Fig. 1 is a structure map on top of the porosity in the “A” 
section of the Upper Pettit. The contour interval is 50 ft. The 
structure has only 20 ft of closure, as that is the relief between 
the highest well and the 4,900-ft contour which probably could 
be closed. It can readily be seen that the field is a combina- 
tion structural and stratigraphic trap. There is a structural 
range of more than 500 ft between producing wells in a north- 
south disection and more than 250 ft between wells on top of 
the structure and those near the limit of production on the 
west flank. Observe that a dry hole was drilled in Section 24. 
This dry hole is more than 400 ft higher structurally than 
productive wells to the north. 

Fig. 2 is an isopach map of the Upper Pettit which shows 
the effective thickness based on Schlumberger electric log 
readings. Thickness is a factor in participation and the oper- 
ators agreed arbitrarily that only readings of 14 mv and 
above on the SP curve with a simultaneous reading of 20 
ohms and above on the normal resistivity curve would be con- 
sidered productive. The isopach is based on this interpretation 
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of the electric logs. The map shows that the thickness varies 
from zero to 19 ft using these parameters. The cross hatching 
shows the areal extent of the “B” section and its position rela- 
tive to the “A” section. In the lower left-hand corner of the 
figure is a typical Schlumberger log showing the electric char- 
acteristics and relative positions of the porous zones. The 
maximum reading on the self potential side of the log is about 
52 mv and the maximum reading on the resistance side is 
about 40 ohms (off scale) in the Upper Pettit. Corresponding 
maximum readings in the Lower Pettit are somewhat less. 
Fig. 3 shows a typical producing section in the field. Note 
the shale streak separating the Upper Pettit into the “A” and 
“B” sections. The impervious barrier which varies from zero 
to six ft in thickness extends over approximately two-thirds 
of the field. The shale break is barely perceptible on the log 
of well 15-1, and the “A” and “B” sections merge in this area. 


RECOVERY MECHANISM 


When the field was developed it was the practice to set 
casing through and perforate opposite all productive zones. 
All wells were acidized, as the formation was too tight to 
produce without acid. 

Production is a very dark paraffin base oil and when pro- 
duced in lease stock tanks the gravity throughout the field 
varied from 38° to 40° API. There was no gas cap. 

Bottom hole sample analysis indicated that the oil was 
undersaturated at original reservoir conditions. Solution gas/oil 
ratio was determined to be 460 cu ft per bbl and saturation 
pressure at reservoir temperature to be 2,331 psi. Formation 
volume factor was 1.33 to zero gauge separator pressure. 

The original bottom hole pressure was 2,440 psi at 5,000 
ft subsea, which is about normal for the depth. There was no 
“bottom” water in the reservoir. The nine dry holes which 
almost circle the field found the limits of production to be 
controlled entirely by the disappearance of porosity and per- 
meability. The connate water increases from about 18 per cent 
to 35 per cent as the permeability decreases. Average connate 
water is about 23 per cent of the pore space. The pressure 
production history and gas/oil ratio history shown in Fig. 4 is 
typical of a solution gas drive mechanism. 


UNITIZATION AND GAS INJECTION 


In 1943, when the field had about 90 producing wells, it 
became apparent that recovery would be quite low unless 
something could be done to retard the downward trend in, 
bottom hole pressure and the accelerating rise in gas/oil 
ratio. After about a year of negotiations, principally over 
participation, the majority of the 22 operators and 1,400 
royalty owners signed the Haynesville Unitization and Pres- 
sure Maintenance Agreement which became effective May 1, 
1944. 


As soon as appropriate orders were issued by the Louisiana 
Conservation Commission and the Arkansas Oil and Gas Com- 
mission, construction work was started on a field gathering 
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system and a gasoline absorption-compressor plant. The return 
of gas started in January, 1945. By then the field gas/vil 
ratio had increased from the original 460:1 to about 2,230:1, 
and bottom hole pressure had dropped from the original 2.440 
psi to about 1,400 psi. 

Gas injection was started in four of the structurally highest 
wells in the field. A short time later a fifth well was added 
about a mile west. This well had a much higher effective 
permeability than the other wells and was later shut in. 

Oil production continued to decline in spite of the gas 
return program, and in November, 1945, dropped to 150,000 
bbl per month compared to 340,000 bbl per month at the time 
of unitization. The operators were very anxious to step up 
production in order to show a faster return on the money 
invested. 

The amount of gas the plant could handle was the limiting 
factor on oil production. The higher the field gas/oil ratio the 
lower the field oil production. After considerable discussion 
it was decided to add additional compressor capacity to in 
crease the volume of gas to the plant from 15.7 MMcf/D to 
22.5 MMcf/D. Installation of two additional 800 hp compres 
sors was completed in January, 1946, making seven 800's or 
a total of 5,600 hp. Oil production was increased approxi 
mately 80,000 bbl per month immediately. 

It was apparent, however, that it would still be a very long 
time before most of the wells would be affected by the ga 


FIG. 2—ISOPACH MAP, UPPER PETTIT LIME, HAYNESVILLE FIELD 
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FIG. 3 
FIELD. 


TYPICAL PRODUCING SECTION, PETTIT LIME, HAYNESVILLE 


return program and probably some wells would never be 
affec:ed within the economic life of the project because of 
the distances involved, the low permeability of the formation 
generally, and an impermeable barrier which separates parts 
of the Upper Pettit in the northern part of the field. 

There was a definite and beneficial change now in the 
gas /oil ratio and bottom hole pressure trends, and production 
was up to a satisfactory rate, but reservoir voidage was too 
high and ultimate recovery estimates, then about 2] per cent, 
were not satisfactory. Fig. 5, which is a plot of the field 


reservoir voidage, shows that even with the stepped up gas 
return program daily voidage was still about 27,000 bbl of 
reservoir space. 


WATER FLOODING 


The idea of an additional program whereby water would 
be returned to the formation as an adjunct to the gas injection 
program took a considerable amount of selling. There was no 
record of a similar case. Already gas was being injected into 
the rather tight limestone. The distance between wells is great 

most of them are more than 1,800 ft apart. There was no 
source of water available except from fresh water wells which 
would have to be drilled for that purpose. There was concern 
about the effect the fresh water might have on the shale known 
to be present in the reservoir. If only a small amount of 
swelling should result from the injection of fresh water the 
23 md permeability would surely be reduced and might even 
be lowered to zero. There was some speculation as to whether 
the reservoir would take water at all. If water could be in- 
jected at a reasonable pressure, would the volume be large 
enough to affect a material portion of the reservoir? 

There were a lot of questions that needed to be answered 
about water flooding a field such as this, and after consider- 
able study and discussion it was decided to try water injection 
in one well on an experimental basis. The well selected was 
in the northern part of the field near the state line. This area 
was too far from the gas injection wells to have been affected 
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FIG. 4— PERFORMANCE HISTORY, PETTIT LIME, HAYNESVILLE FIELD. 


by that program. The gas, vil ratio of the well (then 6481:1) 
chosen for the experiment was so high that the well was to 
be shut in anyway. 

Experimental water injection began in well 2-1 in March, 
1946. The well took 1,100 bbl of water at 1,200 lb wellhead 
pressure and after a while it was decided to try injection in 
another well. Well A-10-1 in the same general area was 
selected and injection started in June. This well had consid- 
erably greater capacity than the first one. and after a while 
it was decided to expand the program further. Two additional 
wells were added in July. 1946, making a total of four. 

The nearest producing well (A-11-3) to the original injec- 
tion well (2-1) was shut in immediately after injection was 
started in order to observe whether changes in bottom hole 


pressure were taking place in this area. An increase in bottom 


hole pressure was noted after the injection of 34,000 bbl in 
2-1. Well 2-8, another offset to 2-1, showed an increase in 
bottom hole pressure after injection of 21,000 bbl of water. 
The producing characteristics of these wells offsetting water 
injection wells began to show very great changes. Gas /vil 
ratios started dropping as the water flood approached and oil 
production began to increase. An offset (2-3) to the second 
injection well (A-10-1) showed a drop in gas/oil ratio from 
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FIG. 5— FIELD RESERVOIR VOIDAGE, PETTIT LIME, HAYNESVILLE FIELD. 
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5,609:1 in July to 3,500:1 at the end of November. The pro- 
ductive capacity of this well increased from 42 B/D on tests 
in July (it could not be produced regularly because of high 
gas/oil ratio) to 135 B/D in November. 

On another well the gas/oil ratio dropped from 6,400:1 in 
September to about 1,000:1 in December. Another well (2-2), 
an offset to the original injection well (2-1), was tested peri- 
odically from June through December, and it showed similar 
changes in characteristics while shut in. These tests proved 
that the gas saturation around the well bore decreased and 
oil saturation increased whether the well was produced or not. 
It was to increase the size of the choke several 
times in order to handle the increased oil production. The 
gas/oil ratio decreased from nearly 5.000:1 in June to about 
1,000;1 in November while shut in except for the tests. Oil 
production tests showed increases from about 60 B/D in June 
to about 80 B/D in August, 110 B/D in September and over 
200 B/D in November. 


Additional water injection wells were added so as to estab- 


necessary 


lish a line drive approximately along the state line. In this 
way the wells in Arkansas which were too far from the gas 
injection area to be benefited by the gas return program could 
derive benefit from the water return program. A line drive in 
this part of the field would also have the desirable effect of 
forestalling any accusation that oil was being driven from 
one state to the other, thereby preventing collection of the 
severance tax in the state where the oil was originally located. 

Without exception, the producing wells just ahead of the 
water front were materially benefited. Fig. 6 shows the pro- 
duction history of well A-2-5, which is an offset to one of the 
original water injection wells. Note that the gas/oil ratio was 
about 6,750:1 the first of October, 1946, before the well began 
to show the effect of water injection. Eight months later the 
well was producing at solution ratio and at higher oil rates 
than at any time in its history prior to that time. It produced 
at solution 18 months thereafter until abandoned 
as a producer. It was later used as a water input well. Observe 


ratio for 


the plateau in the cumulative oil production curve during 
1945 and 1946. The well had to remain shut in six full months 
during that time because of excessive gas/oil ratio. Then as 
the gas/oil ratio dropped, production increased to a peak of 
7,900 bbl in January, 1948. It is apparent that the increase 
in cumulative production from 61.000 bbl to 181.000 bbl is 
due entirely to water flooding. 

By September 1, 1947, 17 producing wells had been con- 
verted to injection wells and 2.874.997 bbl of water had been 
injected. Wate month intervals are 
shown in the following tabulation. 


injection data at six 


No. of 
Inj. Wells 


17 2.874.997 
21 5,800,069 
26 8.545.944 
29 11,210,548 
30 14,012,575 
30 15,834.83 1 


Cumulative Water 
Inj. (Bbl) 


19.000 B 
30 wells at an average pressure of 2.396 lb. Fig. 7 shows the 


Currently about D of water are being injected in 
water injection area superimposed on the isobaric map of 
March 1. 1950. Cumulative injection as of May 1, 1950. was 
17.742.366 bbl. ef which 1.907.535 bbl were produced. leaving 
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FIG. 6— PILOT WELL A-2-5 PERFORMANCE CURVE, PETTIT LIME, 
HAYNESVILLE FIELD. 


15,834,831 bbl net injected. Fig. 8 is a plot of the water 
injection history to June 1, 1950. 

It will be necessary to flood the “A” and “B” sections of 
the Upper Pettit selectively if maximum efficiency is to be 
achieved. The relative position of these sections is shown on 
the isopach map of the Upper Pettit in Fig. 2. For the pur 
pose of clarity the “A” and “B” sections are shown separated 
in Figs. 9 and 10. The estimated position of the water flood 
front Jan. 1, 1950, is shown on each map. In addition, the 
area occupied by injected gas is shown in Fig. 9. 

Currently all gas injection is in the “A” zone in the cen 
tral part of the field near the top of the structure. The stippled 
portion of the map in Fig. 9 is the area estimated to be par 
tially swept by gas on Jan. 1, 1950. The cross-hatched area 
at the edge of the zone is the estimated extent of the flood 
front when the economic limit of the water flood operation is 
reached. Most of the water is being injected into the “B” 
section. It will simplify the operation if the water flood front 
in the “B” is kept ahead of the front in the “A.” This is 
difficult because the shale break between the two is rather 
thin in some areas and entirely missing in other parts of the 
field. Plugback operations, necessary for separating the sex 
tions, are most successful when carried out from the bottom 
of the hole upward. Then, too, permeability in the “B” is 
usually higher and more uniform thaj it is in the “A.” 

It is predicted that by early 1952 full scale injection into 
both reservoirs can be started without danger of trapping 
large quantities of oil behind the flood front. The trap shown, 
centering in Section 4 (see Fig. 7), appears unavoidable be- 
cause of rock characteristics. This area will be reduced mate 
rially below that shown here, however, before the economic 
limit of the operation is reached. 

Two lenses of the Lower Pettit, which contain about 22 per 
cent of the estimated reserves, are not shown. Gas is being 
returned to the south lens through one injection well. After 
the water flood has advanced sufficiently in the “A” and “B” 
sections of the Upper Pettit, it is planned to water flood the 
Lower Pettit also. 


RECOVERY AND FLOODING EFFICIENCIES 


Calculation of the efficiency of recovery from the Haynes 
ville Pettit Field is complicated by a number of factors, some 
of which are: (1) production is from multiple zones in various 
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degrees of isolation; (2) the distance between wells in these 
tight reservoirs is great; (3) the reservoirs, and different parts 
of the same reservoir, were in various stages of depletion at 
the time repressuring began; (4) portions of the reservoir 
were already cycled with gas at the time water flooding began: 
and (5) portions of the reservoirs are to be flooded with 
water only. 

For the purpo e of this discussion four types of efficiencies 
are recognized. They are defined as follows: 


(1) Displacement Efficiency — the ratio of the volume of pore 


space occupied by the injected fluid to the volume of pore 
space originally occupied by hydrocarbons in the flooded 
portions of the reservoir. Ordinarily this ratio is expressed 


as a per cent. 
Pattern Efficiency —the ratio of volume of pore space 
originally occupied by hydrocarbons in the flooded por- 
tion of the reservoir to the volume of pere space originally 
occupied by hydrocarbons in the entire reservoir. 

Flood Efficiency 


and pattern efficiency. 


the product of displacement efficiency 


Recovery Efficiency — the ratio of the stock tank oil pro- 
duced to the stock tank oil originally in place in the 
reservoir. 
The first three of these efficiencies are applicable to the 
mechanism itself, and the fourth is the resultant of all factors 





FIG. 7 — ISOBARIC MAP SHOWING AREA OF WATER INJECTION TO 
MARCH 1, 1951. 
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FIG. 8 — WATER INJECTION HISTORY, PETTIT LIME, HAYNESVILLE FIELD. 


including the first three efficiencies. The displacement efli- 
ciency is more dependent on the permeability profile and the 
amount of water production that can be handled than any 
other factors. The pattern efficiency reflects such variables as 
well spacing and position and type of flooding program. 

Unfortunately, only a few wells were cored in this field, 
and as a result there is a scarcity of data available for pre- 
dicting efficiencies by profile and frequency 
methods. 


distribution 


An early electrical model study was made so that displace- 
ment efficiency in the area of the two expermiental water injec- 
tion wells could be calculated. The offset (A-11-3) to the first 
water injection well (2-1) began producing water nine months 
(261 days) after initial injection. Breakthrough in the offset 
(2-3) to the second injection well (A-10-11) occurred after 
seven months (21] days). Fig. 11 shows the calculated posi- 
tion of the water fronts at the time of breakthrough as deter- 
mined by the electrical model study. Also shown are the cal- 
culated position of the fronts when pressure effects were first 
noted in each of the offset wells, and when changes in gas /oil 
ratio were first observed in each of the offset wells. Increase 
in bottom hole pressures were measured when the flood front 
had advanced 300-400 ft radially from the injection well. 
Changes in gas/oil ratios usually occurred when the front had 
moved about half way between injection and production wells. 
Displacement efficiencies as determined by the model study 
were 32.8 per cent around the first injection well at the time 
of first breakthrough, and 41.3 per cent around the second 
injection well at the time of the first breakthrough. The aver- 
age of the two displacement efficiencies is 37 per cent. Addi- 
tional oil production during the time the wells produce water 
would, of course. improve the displacement efficiency figure. _ 

As the flood front advances efficiencies are calculated from 
time to time. The most recent study made, after nearly three 
years of water injection history and five years of gas injection 
history, indicates that the following efficiencies will probably 
be obtained: 


R 
recovery 


Displ 
Eff. % 


Ult. Pattern Ult. Flood 
Eff. % Eff. % Eff. % 


Reservoir* 


90.0 
90.0 
60.0 
5 73.0 


38.7 
37.8 
18.0 
25.0 


35.9 
35.0 
15.4 


22.8 


Upper Pettit “A” 5 
Upper Pettit “B” I: 
Pettit (NW) , 
Pettit (SW) 


Lower 


Lower 
*See Appendix Tables I-III for sample calculations. 
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The displacement efficiency in the tabulation above was cal- 
culated by using the volumetric data from isopach maps and 
the average porosities and connate water together with injected 
and produced volumes of water to define the displacement. 
The pattern efficiency is a conservative estimate based on an 
early model study. The product of these two gives the flood 
efficiency. By using this flood efficiency and determining the 
original oil in place, we are able to determine the reservoir 
pore space occupied by hydrocarbons at the end of flooding. 
With predictions of bottom hole pressure and gas/oil ratio 
trends and the use of relative permeability relationships, the 
gas saturation can be determined. The amount of abandoned 
oil is then calculated. The recoverable stock tank barrels are 
calculated and this figure is divided by the original stock tank 
barrels in place to give the recovery efficiency. 

The data for determining these efficiencies are obtained from 
the maps of Figs. 9 and 10, which show the predicted limits 
of an extended study of the permeability and production data, 
with model studies, well spacing and plan of operation con- 
sidered. No attempt is made to predict the separate effect of 
either gas or water flooding. The efficiencies tabulated above 
reflect the overall effect of both cycling programs. The prin- 
cipal cause of the difference in efficiencies, as between reser- 
voirs, is the degree of adaptability of that particular reservoir 
to flooding within economic limits. 


FiG. 9 — ISOPACHOUS AND INJECTED FLUID LIMITS, UPPER PETTIT “A” 
ZONE 
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FIG. 10—ISOPACHOUS AND INJECTED FLUID LIMITS, UPPER PETTIT 
“BY ZONE. 


From gas/oil ratio data an attempt was made to spot check 
some oil saturations in various portions of the producing “B” 
zone using the relation :' 


(G OD) vremces = 
(K,/K.) (U./U,) (P/P») (520/T,) 1/Z) V./V.)+ (6/0) 


This assumes horizontal flow in an isotropic sand of uni 
form connate water saturation. Using monthly average gas /oil 
ratios and the latest isobaric maps and the reservoir fluid 
properties this equation was solved for K,/K.. Using an ear 
lier K,/K,, vs S, curve of the Pettit reservoir? values of S 
were obtained and plotted in per cent of pore space in Fig. 12 

Within the water flood front itself use was made of water /oil 
ratio values at the time of abandonment to calculate relative 
permeabilities from the following equation :' 


W/O = (K,/K.) (U./U.) 


From these values and relative permeability-saturation plots 
corrected to 23 per cent connate water,’ the oil saturations 
were determined for several wells and plotted as shown in 
Fig. 12. This, of course, assumes a high rate of unidirectional 
flow in a 100 per cent liquid saturated medium. Also, gravity 
and capillary forces are considered negligible. 

While the absolute value of thee oil saturations is ques 
tionable, it is believed that the relative values indicate the 
effect of the water flood mechanism, as well as the effect of the 
previous gas injection program. 

A profile of fluid saturation in per cent of pore space was 
taken across the “B” zone reservoir as shown in Fig. 12. The 
profile shows the approximate saturation distribution in the 
area in which the best production results are being obtained 
in front of the flood at the present time, and seems to substan- 
tiate the existence of a considerable oil bank in front of the 
flood. A small amount of data across the east side of the field 


‘References given at end of paper. 
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indicates that the oil saturation is about 60 per cent. Low 
values of oil saturation and therefore high values of gas satu- 
ration in front of the flood bank from the center of Section 
10 south and westward can be expected for the reason that 
gas has been injected in this portion of the reservoir. Records 
show that gas was injected in Well 15-6 in the early days and 
that oil saturation to the west was lowered considerably. No 
gas was ever injected into the “B” zone on the east side. The 
high gas saturation observed in the southeast portion of the 
reservoir would indicate leakage from the “A” zone due to 
poor well completions, or additional drainage area to the east 
of the isopach limits. The latter is borne out by the recoveries 
noted in that area and by the fact that a well was just recently 
completed in the NE +4 of Section 30 as a Pettit producer. 
On the basis of the saturations obtained above some com- 
putations were made using all available data to help deter- 
mine the magnitude of a few important factors, such as by- 
passing, residual oil, displaced oil and recovery prior to and 
following flooding. From the approximate amount of oil pro- 
duced from the watered-out area the recovery efficiency to date 
has been 32.9 per cent of the original stock tank oil in place. 
The average residual oil in the watered-out area (Fig. 12) is 
34.5 per cent. This value represents the limit beyond which a 
well cannot be economically operated. It seems somewhat 
high when compared with sandstones but the type of porosi- 
ties are entirely different, which probably account for the 
high value. Subtracting the produced and residual oils from 
the original in-place estimates gives the amount of oil that has 
either been bypassed or is in the present flood bank ahead of 
the water front. This value is 18.6 per cent of the original 
stock tank oil in place. To estimate the amount of oil in the 
flood bank, the difference between the average calculated oil 
saturations ahead of the oil bank and the average calculated 
oil saturation in the oil bank was obtained. This saturation 
per cent was applied to the pore space determined to be in 
the flood bank area. Early experiments showed the width of 
the flood bank to be about 900 ft in an average section of the 
reservoir. On this basis, 743,000 bbl of oil have been pushed 
from the watered area to the present flood bank. Therefore, 
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FIG. 11 — STUDY OF WATER INJECTION RESULTS IN EARLY PILOT TEST 
WELLS, PETTIT LIME, HAYNESVILLE FIELD. 
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at present 14.1 per cent of the producible stock tank oil has 
been bypassed. However, some wells are still producing with 
various water cut percentages within the flooded area and this 
production will lower the bypassed percentage and raise the 
recovery efficiency. 

The amount of displaced oil was determined from the 
amount of water injected into the reserveir and the amount 
needed for fill-up of gas saturated space. These determina- 
tions indicate that the amount of stock tank oil recovered at 
the time water flooding began was 15.4 per cent of the original 
oil in place. Since water flooding began 17.5 per cent of the 
original oil in place has been produced. 


Summary of “B” Zone Efficiencies 

cent 
50) 42 
2. Estimated ultimate pattern efficiency 90 
37.8 
34.7 
32.9 
15.4 
17.5 


34.5 


. Displacement efficiency (1/1 


Ultimate flood efficiency 
. Ultimate recovery efficiency 
1/50) 


. Recovery efficiency prior to water flood 


. Recovery efficiency to date (1 


. Recovery efficiency since water flood 
. Average residual oil (%% pore space) 
. Producible stock tank oil bypassed or in flood bank 
(% original in place) 18.6 
. Producible stock tank oil pushed into flood bank 
(% original in place) 4.5 
Producible oil bypassed to date (1/1/50) 
(% original in place) 


FIG. 12 — MAP AND CROSS-SECTION OF FLUID SATURATION DISTRIBU- 
TION, HAYNESVILLE PETTIT LIME “B” ZONE. 
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CONCLUSIONS 


Economie re-ults can be obtained with a combination gas 
and water flooding program in low permeability, relatively 
deep reservoirs, drilled on 80-acre spacing. After observing 
the Haynesville Pettit Lime combination flood for three years, 
it is estimated that ultimate recovery will be increased from 
the 18 per cent expected by natural depletion, to 34 per cent. 
Several factors have contributed to the success of this opera- 
tion: (1) the Pettit lime in this area is susceptible to acid 
treatment; (2) a good supply of pure water (low total solids 
content) is available from shallow wells; and (3) it 
possible to unitize the field early in its life. 


was 


Although flooding efficiency is higher with water than with 
gas, the gas injection program has contributed materially to 
increased ultimate recovery, primarily by arresting the decline 
in bottom hole pressure. It is recognized that a large quantity 
of oil will be left unrecovered in the reservoir. The higher 
the FVF of this unrecovered oil, the fewer the number of bar- 
rels of stock tank oil remaining, and the higher the ultimate 
recovery. In addition, less operating expense has resulted 
from the gas injection program because of the extended flow- 
ing life of the wells. And finally, the gas return program has 
made it possible to employ gas lift to handle the larger quan- 
tities of oil and water production at considerable savings in 
lifting expense. 
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APPENDIX 
Calculation of Water Flood Efficiencies 
Explanation of Tables I-III inclusive in the appendix is as 
follows: 
1. Surface acres of reservoir is the planimetered area of the 
reservoir shown in Figs. 9 and 10. 


2. Weighted thickness is obtained from the same isopachous 
maps. 


3. Average porosity is based on core analysis data. 
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Average connate water value is from core analysis data. 
Pore space occupied by hydrocarbons is calculated from 
the first four factors. 


. Water injected is from the well record files. 
. Water produced is from well record files which are based 


on tests made at regular weekly intervals. 


. Net injected water is the difference between values for 


No. 6 and No. 7, corrected to reservoir temperature of 
179°F. Factor = 1.03. 


. Surface acres within flood front is from Figs. 9 and 10 


showing water flood status. 

Average thickness is from the same isopach map for the 
flooded area. 

Hydrocarbon pore space within water flood limit is based 
on data from lines 10, 9, 4, and 3, above. 


. Pattern efficiency, at present status, is line 11 divided by 


line 5. 


3. Displacement efficiency is line 8 divided by line 11. 


. Surface acres within ultimate economic flood front limits 


is from Figs. 9 and 10 showing water flood data. 


5. Average thickness of floodable area is from the same iso- 


. Surface acres of reservoir 


pach map. 


. Hydrocarbon pore space within flood limits is obtained 


from data given in lines 15, 14, 4, and 3. 


. Ultimate pattern efficiency is line 16 divided by line 5. 
. Overall water flood efficiency is line 13 multiplied bythe 


conservative pattern efficiency of 90 per cent. 


Calculation of Water Flood Efficiencies 
Upper Pettit Lime 


Table I 


ms 
10,238 


“4” 
11.269 


2. Weighted average effective lime 


3. Average porosity, % 


. Water injected, 1 


. Water produced, 1 


6.803 
19.2 
23 


4.521 
21.9 


92 
“0 


thickness, ft 


Average connate water, % 


. Pore space originally occupied by 


87,900,000 
1/50. (surface 


hydrocarbons, bbl 60,600,000 


conditions), bbl 5.508.748 10,280,906 


1/50, (surface 


conditions), bbl 220,442 ~=1,148,342 


. Net injected water (reservoir con- 


ditions), bbl 5,446,982 9.406.541 


. Surface acres within water flood 


1,497 
7.31 


2.970 


5.70 


limit 
Average thickness of flooded area 


. Hydrocarbon pore space within 


water flood limit, bbl 12,556,209 22,152,195 


2. Pattern efficiency at present 


14.3 $6.6 


status, “ 


. Displacement efficiency, 1/1/50, @ 43 12 
. Surface acres within ultimate eco- 


nomic flood front limits 8.928 8.271 


5. Avg. thickness of area within ulti- 


18. 


mate economic water flood limits, ft 7.913 5.136 
Hydrocarbon pore space within ulti- 
water flood limits, 


81,010,000 


mate economic 


bbl 55,630,000 


. Estimated ultimate economic pattern 


91.8* 
37.8 


92.2* 
38.7 


efficiency, % 
Overall water flood efficiency, % 


*For purposes of conservation an overall pattern efficiency of 90 per cent 


is 
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Calculation of Recovery Efficiencies 


Explanation of data in Table IL. 


Surface acres of reservoir is the planimetered area of the 
reservoir shown in Figs. 9 or 10, depending on the reser- 
voir concerned. 

Weighted thickness is obtained from the same isopachous 
map. 

Average porosity is based on core analysis data. 

Average connate water value is from core analysis data. 


. Oil originally in place is from calculations based on data 


of first four factors. 


. Original reservoir pressure is first recorded data on the 


“A” and “B” sections. 

Reservoir temperature is from temperature surveys. 
Formation volume factor at the original reservoir pressure 
of 2,440 psig is based on bottom hole sample analysis. 


. Stock tank oil originally in place is line 5 divided by 


line 8. 

Displacement efficiency is water flood value from table on 
water flood efhiciency calculations. 

Pattern efficiency is from the same table. 


2. Water flood efficiency is product of lines 10 and 11. 
3. Reservoir pore space occupied by water at end of opera- 


tions is product of lines 5 and 12. 

Reservoir pore space occupied by oil and gas at end of 
economic operations is difference between lines 5 and 13. 
Estimated average BHP during water flood operations is 
based on data shown in Fig. 4, and projected to correlate 
with general predicted plan of operations. 

Equivalent gas saturation is explained under next line. 


. Calculations for gas saturation of the residual oil are 


based upon data from relative permeability — fluid satu- 
ration curves which are based on past performance. Data 
shown in Fig. 4 indicates that the future gas/oil ratio will 
be approximately 2,750 cu ft per bbl at 15.025 psia or 
2.810 cu ft per bbl at 14.7 psia. During the period of 
water flooding operations it is anticipated that the BHP 
will average 1,050 psig; see Fig. 4. At this pressure gas 
in solution, as shown by a differential vaporization curve. 
will be about 235 cu ft per bbl. Free gas/oil ratio then 
would be 2.810 minus 235 or 2,575 cu ft per bbl. At res- 
ervoir conditions of 1,050 psig and 179°F, a compressibil- 
ity factor of 0.93, this volume of gas would be 40.61 cu ft 
or 7.234 bbl. Formation volume factor, from a differen- 
tial liberation curve for the oil at 1,050 psig is 1.223. Rel- 
ative volume of gas to oil then would be 5.91. At a vis- 
cosity of .01470 for the gas and 0.945 for the oil, the 
relative permeability relation would then be 5.91x(.01470 
divided by 0.943) or .92. Then the relative permeability- 
saturation curve shows that the equivalent gas saturation 
is 13 per cent. By use of the relationship PV = ZnRT 
the gas saturation at 3,250 psig is 4.055 per cent. 


. Reservoir pore space occupied by gas at end of operations 


is product of lines 17 and 14. 


. Reservoir pore space occupied by oil at the end of opera- 


tion is the difference between lines 14 and 18. 


. Oil FVF, at average reservoir pressure (1,050 psig) dur- 


ing flooding, is obtained from differential vaporization 
curves for Haynesville Pettit Oil. 

Equivalent stock tank oil to be abandoned in reservoir is 
line 19 divided by line 20. 


2. Total recoverable oil, stock tank conditions, is the differ- 


ence between line 9 and line 21. 


23. Overall recovery efficiency on the basis of stock tank oil 
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is line 22 divided by line 9. 
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Table I 


. Surface acres of reservoir 
2. Weighted average effective lime thickness, ft 
3. Average porosity, “; 

. Average connate water, 
5. Oil originally in place, reservoir bbl 

. Original reservoir pressure, psig 
7. Reservoir temperature, °F 

. Formation volume factor at original conditions 
. Stock tank oil originally in place, bbl 

. Displacement efficiency, “% 

. Ultimate economic pattern efficiency, “% 
2. Overall water flood efficiency, % 
3. Reservoir pore space occupied by water at end 
of operations, bbl 
. Reservoir pore space occupied by oil and gas at 
end of economic operations, bbl 


11,269 
6.803 

19.2 

23 
87,900,000 
2,440 

179 

1.331 
66,000,000 
43 

90 

38.7 


34,000,000 


53,900,000 


Table Il — Analysis of Saturation Distribution 


. Pore space inside watered area (bbl) ref. 
Fig. 12 

2. Connate water estimate at 23% (bbl) 

3. Hydrocarbon pore space within flood area (bbl) 

. Cumulative oil production from flood area 
(approx.) (bbl) 

. Original stock tank oil in hydrocarbon pore 
space (bbl) 

. Recovery efficiency to date in flooded area 

. Steck tank oil remaining in flooded area as of 
1/1/50 (bbl) 5-4 
\verage residual S, from W/O, K,./K, compu- 
tations (in % pore space) 

. Residual oil remaining in flooded area 
8x1 

. Stock tank residual oil remaining in flooded area 
(bbl) 9 1.23 

. Producible stock tank oil in flood bank or by- 
passed (bbl) 7-10 

2. Stock tank oil in flood bank or bypassed, “% of 
original stock tank oil, 11 5 
Average S, in flood bank from G/O, K,/K,, rela- 
tionships (% pore space) 

. Average S, in “B” Reservoir outside flood effect 
from G/O, K,/K, relationships (% pore space) 
Average S, increase due to flood bank effect (°% 

13-14 


28,800,000 
6,600,000 
22,200,000 
5,489,000 


16,670,000 


32.9% 
11,181,000 

34.5% 

(bbl) 

9,940,000 
8.080,000 
3,101,000 

18.6% 

66.7% 

55.8°; 


pore space) 10.9% 
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Calculation of Initial Reserves and Recoverable Reserves, Upper Pettit Lime, “A” 


22. Total recoverable oil, stock tank conditions 


. Equivalent gas saturation 
. Residual gas saturation at 3,250 psig abandon. 


PRIMARY HIGH PRESSURE WATER FLOODING IN THE PETTIT LIME HAYNESVILLE FIELD 


Section 


. Estimated average BHP during water flood oper- 


ations, psig 1,050 


13.0 


pressure 4.055 


. Reservoir pore space occupied by gas at end of 


operation, bbl 2,185,600 


. Reservoir pore space occupied at end of opera- 


tion, bbl 51,714,000 


Oil FVF at average reservoir pressure as flooded 1.223 


. Equivalent stock tank oil to be abandoned in 


reservoir 42,284,500 


23,715,500 


3. Overall recovery efficiency (basis stock tank 


Data as Applied to 


16. 


oil), wf, 


35.9 


“B” Zone Recovery Efficiency 


Average S, increase due to flood bank effect (% 


of hydrocarbon pore space) 15 ~ .77 


14.2% 


7. Probable pore space affected by present flood 


8. Probable 


2. Net water injected in “B” 


. Probable 


bank (bbl) 8,380,000 
oil in flood bank from within water 
(res. bbl) 

oil in flood bank from within water 
(stock tank bbl) 18 + 1.23 

stock tank oil bypassed after some 


(bbl) 11-19 


line area 914,000 


line area 743,000 
Probable 


movement 2,358,000 


. Per cent of original stock oil in place bypassed 


by present front 14.1% 
(bbl corrected 


9,406,500 


zone 
to reservoir conditions) 


. Net water required for fillup of probable gas 


saturation (17%) 4,900,000 


24. Probable oil displaced from watered out area 


25. Oil produced due to water displacement, 23 


21-22 4,506,500 
18 3,592,500 


Stock tank oil produced due to water displace- 


ment, 24/1.230 2,920,000 


27. Stock tank oil produced prior to water flood, 


4-25 


2,569,000 


. Per cent of original stock tank oil recovered 


when flood began 15.4% 
Per cent of original stock tank oil recovered to 


date by water flood 
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1. FATT AND H. DYKSTRA, CALIFORNIA RESEARCH CORP., LA HABRA, CALIF., MEMBERS AIME 


ABSTRACT 


Relative wetting phase permeabilities calculated from capil- 
lary pressure-saturation data are compared with measured 
relative permeability data. The equation relating relative per 
meability to capillary pressure-saturation data is derived by 
assuming that a porous medium is analogous to a bundle o! 
capillary tubes. The equation includes a term to correct for 
the difference between fluid path length and length of core. 
Relative oil permeability data in the water-oil-gas system are 
presented, and it is shown that if the water is considered part 
of the rock matrix, the relative oil permeability curve is typi 
cal of a wetting phase relative permeability curve. Apparatus 
for measuring two and three-phase relative permeabilities are 
described. 


INTRODUCTION 


The difficulty in measuring relative permeability of cores 
has made it desirable to have a correlation between relative 
permeability and some more easily measured 
porous media. Such an easily measured property is the capil 


property otf 


lary pressure-saturation relation. 

In the past there has been a tendency to separate the capil 
lary pressure concept from the very complex pore geometry 
and to consider that the capillary pressure-saturation curve 
gives only some characteristic distribution of interfacial curva- 
ture between two fluids.’ Recently, however, it has been real 
ized that if capillary pressure daia are to yield information 
concerning pore size distribution’ and fluid flow in porous 
media, the pore must be assumed to have a simple shape such 
as a cylinder or a sphere. 

Childs and George’ showed that relative water permeability 
could be calculated from the capillary pressure-water satura 
tion curve by assuming that the pores are cylinders in which 
the fluid flowing obeys Poiseuille’s Law, and that the capillary 
pressure curve indicated the size and number of pores. Purcell 
derived an equation relating the permeability of a porous 
medium to the capillary pressure curve by assuming the 
porous medium to be analogous to a bundle of capillary tubes 
Gates and Lietz’ calculated relative permeability by an equa 
tion derived from Purcell’s equation. 

In this paper an equation is derived giving the relative 
water permeability as a function of water saturation by as- 
suming that the core sample can be represented by a bundle 
of capillary tubes in which t'e fluid path length is not the 
same as the bulk length, and in which the fluid path length 
varies with saturation. 


THEORY 


For a bundle of N capillary tubes the flow through d\ 
tubes will be 
OO 2 Gin GF ok me a oe RD 
where Q is the total flow rate through all the tubes and q,, is 
the average flow rate through the tubes in the interval d\ 
’ ‘References given at end of paper. 
Manuscript received in the office of the 


Sept. 14, 1950. Paper presented at the Fall 
Los Angeles Oct. 12-13, 1950. 
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If the interval dN is made small the average flow rate 
through a tube in the interval dN is given by Poiseuille’s Law, 
rraP 
Gav = + 20: es a Se ie ee ee (2) 
Bul 
where AP is the pressure drop across the tube of length / 
and radius r, and u is the viscosity of the fluid. Substituting 
for q,, in Equation (1), 
r rAP 
dQ = ans. ¢ sie 
Bul 
Darcy's Law for linear flow of an incompressible fluid in a 


(3) 


porous medium is 
0 masa 4 
( ma ia, 4 Leg aie eaters 
where K is the permeability and AP is the pressure drep 
across a bundle of tubes which has replaced the porous me- 
dium of length L and cross-sectional area A. Differentiating 
AP, «, and L constant, 
AAP 
dQ = ; dK 


m 


Darcy’s Law with A, 


and (5) gives 


ae B 
eae + 5 wpe aan yee 
{1 


If the pores are assumed to be cylinders 
dV =xr'ldN MS ae ae ire ae, 
where V is the volume of flowing fluid in the pores. Substi- 
tuting for dN in Equation (6) gives 
rh 
tf 
8A 
By definition the saturation, S, of the core is 


} } 
vy. Al 


Equating (3 


dK = 


dK _ ae Were os ar ae ee ee 
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FIG. 1 — CAPILLARY PRESSURE CURVE. DATA FROM FIG. 33 OF GATES 
AND LIETZ.° 
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FIG. 2— RELATIVE PERMEABILITY AND CAPILLARY PRESSURE CURVES. 


DATA FROM FIGS. 26 AND 33 OF GATES AND LIETZ.° 


where V, is the total pore volume and ¢ is the porosity. Differ- 
entiating Equation (9) and substituting for dV in Equation 
(8) gives 
; r@¢L’ 
cK = ds 
8/ 
Equation (10) contains the pore radius, r, and the fluid path 
length, /. These terms are not directly measurable and there- 
fore must be related to some other property of the core. 
The ratio of the fluid path length, /, to the length of the 
core, L, has been termed the tortuosity, ¢, or 
l 
t= te’ 24 andes Car 0k, Se) nore MED 
L 
The tortuosity, ¢, has not yet been related directly to a meas- 
urable core property. 


(10) 


A reasonable assumption regarding ¢ 
can be obtained by considering what happens to the wetting 
phase in the pore spaces as the core is desaturated. During 
desaturation the wetting phase retreats into the smaller pores 
and into the crevices between sand grains. Liquid in such 
crevices has a small radius of curvature and by the derivation 
given in this paper is considered to be in small pores. It can 
be reasoned then that liquid flowing in the crevices and small 
pores will travel a more tortuous path than liquid flowing 
through the large pores. As a first approximation t can be 
assumed to vary inversely as r, or 


(12) 


where a and 6 are constants. Substituting Equations (11) and 


(12) in (10) gives 
oro . 
dK = ds 
8a 


The pressure. P., across a curved interface 
fluids’ is 


(13) 


between two 


2e¢cos 0 


P= (14) 


H 
where r is the radius of curvature, ¢ the interfacial tension at 
the interface, and @ the liquid-solid contact angle. When Equa- 
tion (14) is applied to porous media the pressure term is 
known as the capillary pressure, and r is the pore radius at 
which a non-wetting phase just displaces a wetting phase out 
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FIG. 3— RELATIVE WATER PERMEABILITY AND CAPILLARY PRESSURE 
CURVES IN WATER-OIL SYSTEM. SAND: BASAL TUSCALOOSA, MISS. 
PERMEABILITY: 125 MD. POROSITY: 15 PER CENT. 


of the pore. Equation (14) thus gives r as a function of the 
capillary pressure. Substituting for r in Equation (13) gives 


¢(2¢ cos 6)° : 
dK = dS 

8a? P 2(1+b 
If the constants, a and 6, were known, the effective perme- 
ability, K., at any saturation could be calculated by integrat- 
ing Equation (15) from zero saturation to the desired satura- 


tion, S 


(15) 


¢(2¢ cos | ieee f dS 

8a* "a 
however, can be calculated 
if the constant, 6, is known 


K (16) 
rhe relative permeability, K,, 
without knowing the constant. a, 


Table |— Calculation of Wetting Phase Relative 


Permeability From the Equation 


f dS 


P. 


i F dS 


Pr. 

1 hoeait 
S P rea from 

P. OtoS 

(cm Hg) in’ 
4.15 
3.13 
2.31 
1.68 


Per cent cm Hg 


100 : 18.2 x 10 
95 , 14.5 
90 ’ 11.7 
85 ‘ 9.0 


80 e. 6.7 1.19 

75 5. 5.1 0.82 20 
70 ' 3.8 0.54 13 
65 ‘ 2.8 0.34 8.2 


0.20 1.8 
0.10 2.4 
0.04 1.0 
0.01 0.2 


60 8.0 
55 9.4 
50 11.6 
45 15.0 
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FIG. 4—RELATIVE WATER PERMEABILITY AND CAPILLARY PRESSURE 
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CURVES IN WATER-OIL SYSTEM. SAND: BASAL TUSCALOOSA, MISS. 


PERMEABILITY: 100 MD. POROSITY: 26 PER CENT. 


or assumed, because by definition K, = K./K, thus giving 


dS 


fon 


pian 


r= 


RESULTS 


Comparison of Calculated and Measured 
Relative Water Permeability Data 


Gates and Lietz’ have calculated relative permeabilities 
using Equation (17) with 6 assumed to be zero, that is, the 
tortuosity independent of the pore radius and thus independent 
of the saturation. This paper compares measured data with 
calculated data for 6 = Ya, that is the tortuosity is a function 
of pore radius and therefore dependent on the saturation 
For b = \% Equation (17) becomes 


K, =— : 
100 dS 


To calculate relative permeability from Equation (18). 


l 
is plotted against saturation, S and the area under the ; 
) 


S curve is obtained by graphical integration or by planimete: 
ing. As an example, capillary pressure-saturation data from 
Gates and Lietz’ (their Figs. 26 and 33) are used to calcu 
late relative permeability of the wetting phase, which for the 
example given is kerosene in the kerosene-air system. The 


1 
capillary pressure. P., and pe vs the saturations, S are 


© 


1 
shown in Fig. 1 and Table I. The area under the > vs S 


curve from zero saturation to saturation, S. was obtained by 
graphical integration and is shown in column 4 of Table I. 
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FIG. 5— RELATIVE WATER PERMEABILITY AND CAPILLARY PRESSURE 
CURVES IN WATER-OIL SYSTEM. SAND: BASAL TUSCALOOSA, MISS. 
PERMEABILITY: 129 MD. POROSITY: 22 PER CENT. 





CAPILLARY PRESSURE - CM 











PER CENT RELATIVE PERMEABILITY 


The areas given in column 4 are divided by the total area 


under the vs S curve to give the per cent relative per- 


meability in column 5. The calculated curve is plotted in 
Fig. 2. The relative permeability data and the curve calcu- 
lated by Gates and Lietz® are also shown in Fig. 2. 

Relative water permeability and capillary pressure data in 
the water-oil system were obtained in this laboratory on five 
California cores and four Mississippi cores. Relative water 
permeabilities were calculated from capillary pressure data 
by means of Equation (18). The measured data and the cal- 
culated curve for each core, shown in Figs. 3 through 11, are 
in fair agreement. 

Comparison of measured and of calculated relative perme- 
ability data indicates that the constant, 6, may not be the 
same for all types of sands. For the Basal Tuscaloosa sand b 
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FIG. 6— RELATIVE WATER PERMEABILITY AND CAPILLARY PRESSURE 
CURVES IN WATER-OIL SYSTEM. SAND: BASAL TUSCALOOSA, MISS. 
PERMEABILITY: 58 MD. POROSITY: 18 PER CENT. 
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FiG. 7 — RELATIVE WATER PERMEABILITY AND CAPILLARY PRESSURE 
CURVES IN WATER-OIL SYSTEM. SAND: GATCHELL, NORTHERN SAN 
JOAQUIN VALLEY, CALIF. PERMEABILITY: 180 MD. POROSITY: 18 PER 
CENT. 
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less than ‘4 will give a better check, whereas for the Gatchell 
sand 6 = 'y appears to give the best check. For most of the 
data presented by Gates and Lietz’ b greater than 1% will give 
a better check. As more relative permeability data are ob- 
tained, an average 6 term may be chosen for each type of 
sand to give the best fit between calculated curves and experi- 
mental data. 


Relative Oil Permeability Data in 
Water-Oil-Gas System 

Relative oil permeability data in the water-vil-gas system 
are shown in Figs. 12 and 13 for two Mississippi cores. The 


data of Figs. 12 and 13 are replotted in Fig. 14 as 


20 
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FIG. 8 — RELATIVE WATER PERMEABILITY AND CAPILLARY PRESSURE 
CURVES IN WATER-OIL SYSTEM. SAND: GATCHELL, NORTHERN SAN 


JOAQUIN VALLEY, CALIF. PERMEABILITY: 140 MD. POROSITY: 14 PER 
CENT. 
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where K 
tion, S,. The above ratio is obtained by dividing the effective 
oil permeability at each water saturation by the effective oil 


vs S,, is the effective oil permeability at gas satura- 


permeability at the same water saturation and zero gas satu- 
ration. The data fall approximately on the same curve. The 
curve is typical of a wetting phase relative permeability curve. 
This seems to indicate that in the water-oil-gas system the 
water can be considered part of the rock matrix with oil as 
the wetting phase and gas as the nonwetting phase. 
Considering interstitial water as part of the rock matrix 


suggests the possibility of calculating — in the water- 
at S,=0 

oil-gas system by using Equation (18) from the oil-gas capil- 
lary pressure curve with interstitial water present. The method 
using the data 


of calculating z is illustrated by 


at S.=0 


from Figs. 14 and 15 of Gates and Lietz.” The calculations 


are carried out as illustrated in the previous example, except 


. and are plotted against gas satura- 
K,, at S,=0 

tion. The calculated and experimental results* are given in 

Figs. 15 and 16. The agreement between the calculated curves 


and the observed data is good. 


l 
that P.. 
I 


Calculation of relative permeabilities from capillary pres- 
sure-saturation data greatly simplifies the problem of obtaining 
relative permeabilities. With some assurance of fair to good 
agreement calculated and relative perme- 
abilities, much time and expense can be saved by obtaining 
calculating relative 


between observed 


capillary pressure-saturation data and 


permeabilities by Equation (18). 


with interstitial water present as p'otted 
Figs. 12 through 15, is the same as 


meability 
their 


*The relative per 


by Gates and Lietz’ in 


K 


ed in this paper. To obtain the relative oil permeability 


K. at Se 0 
(defined in the API 


Code 27) as a function of gas saturation it is only 


K 
necessary to by the effective oil permeability with 
Ko atS 0 


interstitial wate sent and to divide by the permeability of the core 
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FIG. 9— RELATIVE WATER PERMEABILITY AND CAPILLARY PRESSURE 
CURVES IN WATER-OIL SYSTEM. SAND: GATCHELL, NORTHERN SAN 


JOAQUIN VALLEY, CALIF. PERMEABILITY: 80 MD. POROSITY: 11 PER 
CENT 
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FIG. 10 — RELATIVE WATER PERMEABILITY AND CAPILLARY PRESSURE 
CURVES IN WATER-OIL SYSTEM. SAND: McADAMS, NORTHERN SAN 
JOAQUIN VALLEY, CALIF. PERMEABILITY: 13 MD. POROSITY: 10 PER 
CENT. 


APPARATUS 
Relative Water Permeability Apparatus 


The relative water permeability apparatus is shown in Fig 
17 for the water-oil system. The apparatus is all glass except 
the nickel flow lines between the core and the pipets. Flow 
rates as low as 10° cc per sec are measured in 0.1 ml gradu- 
ated pipets, the flow rate into the core being measured in one 
pipet and the flow rate out of the core being measured in the 
other pipet at the same level. When the flow rates are identi- 
cal, the core is at saturation equilibrium. Bypass stopcocks 
are used to return the water in the measuring pipets to the 
zero mark. A fine sintered glass filter is used to filter the 
water before it passes through the core. The end plugs are 
Monel metal to which porous plates are cemented with De 
Khotinsky cement. The porous plate* has a permeability of 
about 50 md and entry pressure of about three psi in the 
water-oil system. The porous plate covers the whole face of 
the core. 

Before effective water permeabilities can be measured in 
the apparatus shown in Fig. 17, the pressure drop across the 
porous end plates must be known as a function of flow rate 
To obtain this calibration, flow rates at different 
drops are measured with the porous plates in capillary con 
tact. The product of the flow rate, g, and the viscosity, », is 
plotted against the pressure drop, AP, and the slope of a 

; : A oe] a 
straight line thus obtained gives] - ——- . The plate 
A (qu) J plates 

calibration is independent of capillary pressure. 


pressure 


To measure effective water permeability, a water saturated 
core is placed between the porous end plates of the core holder 
and the assembly is immersed in oil. The desired water satu 
ration is obtained by imposing a capillary pressure on the 
core. The water removed from the core is measured in the 
volume changer shown in Fig. 17. The saturation at equilib 
rium is calculated from the volume of water removed and 
the pore volume. Thus a capillary pressure-water satura 
curve is also obtained in the apparatus. At each water satura 
tion, flow rate is measured as a function of the pressure drop 


*Allen filter disk made by Allen Filter Co., Toledo, Ohio. 
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FIG. 11 — RELATIVE WATER PERMEABILITY AND CAPILLARY PRESSURE 
CURVES IN WATER-OIL SYSTEM. SAND: VAQUEROS, NORTHERN SAN 
JOAQU'N VALLEY, CALIF. PERMEABILITY: 47 MD. POROSITY: 12 PER 
CENT. 


across the core and porous end plates. The slope of the line 


A (AP) 
a ao — . ‘ht 
obtained is .| The effective water permeability 


total 
is calculated from the equation 


, (ge) 


1 
A (AP) | 
total L A (qu) plates | 


J 


A (AP) | 
A (qe) 
>) 


| plot for calculating permeability by 
) 
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FIG. 12— RELATIVE OIL PERMEABILITY IN WATER-OIL-GAS SYSTEM. 
SAND: BASAL TUSCALOOSA, MISS. PERMEABILITY: 124 MD. POROSITY: 
26 PER CENT 
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FIG. 13—RELATIVE OIL PERMEABILITY IN WATER-OIL-GAS SYSTEM. 
SAND: BASAL TUSCALOOSA, MISS. PERMEABILITY: 100 MD. POROSITY: 
26 PER CENT. 


Darcy's law gives a more accurate permeability from the data 
than a permeability obtained by averaging permeabilities cal- 


: A (AP) ‘ 
culated from each point. On the -—— | plot an obvi- 
A (qu) 
ously erroneous measurement can be easily seen and omitted 
from consideration in drawing the best straight line. 

The above method of measuring effective water permeabil- 
ity has certain advantages over the method using a static man- 
ometer with a pressure tap in the center of the porous end 
plates. The advantages are: (1) No time is lost while waiting 
for a static manometer to come to equilibrium with the core; 
(2) no correction is needed due to constriction of flow caused 
by a center tap; (3) the pressure drop across the core is 
obtained by subtracting one direct measurement from another. 
whereas the static manometer does not measure the true pres- 
sure drop across a core." 

A (AP) 


The magnitude of the terms involved in cal- 


A (qe) 
culating effective water permeability are shown in Table II 


for a 47 md core. Inasmuch as the core and porous plates are 


Caleulation of K,., From the AP vs qu Plot 


Table II 


4 = 5.05 cm 


Core of Fig. 11, K = 47 md, L = 3.08 em. 


A (AP) A (AP) A (AP) t 
A - - Ku 
\ (qu) }total | A (au) J plates | 4 ( qu) Jeore 


Per cent em-md em-md em-md 
0.67 x 10° 
0.67 


2.23 x 10° 

3 
0.67 4 

7 

1 

8 


i 


90 2.90 x 10° 
88 3.81 

85 5.0 

80 7.8 

76 12.3 

70 19.0 

62 34.4 x10 


0.67 

0.67 l 
0.67 ] 
0.67 x 10 3 


9: 
1 
3 
1 
6 


~~ Wwe wh 


2 
J? 
‘ 


x 10 


2 
». 
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Effective Oil Permeobility at s =0 5 K., at S; =0 
OIL-GAS SYSTEM. 


FIG. 14 IN WATER. 


in series, the pressure drops are directly proportional to the 

A (AP) 

- | terms. Table II shows that the ratio of the pres- 

\ (qu) 
sure drop across the plates to the total pressure drop ranges 
from 0.23 to 0.02, so that the probable error in the calculated 
pressure drop across the core is only slightly greater than the 
probable error in the total pressure drop. 

For cores of high permeability the probable error in the 
pressure drop across the core may be appreciably greater than 
that for cores of low permeability. However, as the water 
saturation decreases the effective water permeability decreases 
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more rapidly, so that the probable error in the calculated 
pressure drop across the core again approaches the probable 
error in the total pressure drop. 


Relative Oil Permeability Apparatus 


The apparatus for measuring relative oil permeability in the 
water-vil-gas system is the same as the relative water perme- 
ability apparatus shown in Fig. 17 with the exception of the 
core holder. Detail of the core holder is shown in Fig. 18. 
The porous diaphragms are made oil-wet by treating ordinary 
water-wet porous diaphragms with “Dri-Film.”™” 

In the water-oil-gas system, water is present as an immobile 
phase to correspond to connate water in the re-ervoir. A rela- 
tive oil permeability curve may be obtained for several differ- 
ent constant water saturations. 

Before effective oil permeabilities can be measured. the 
pressure drop across the oil-wet porous end plates must be 
known as a function of flow rate. The porous end plate cali- 
bration is determined exactly as is done for the relative water 
permeability. 

The desired water and oil saturations are first obtained in 
a capillary pressure apparatus. The core is then placed in the 
core holder of the relative oil permeability apparatus. A cap- 
illary pressure is imposed on the oil to give a desired gas 
saturation. Air enters the core through the hole in the center 
of the porous end plates. Effective oil permeabilities and oil 
saturations are measured and calculated as is done for rela- 
tive water permeability. 
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DISCUSSION 


By John 1. Gates, Shell Oil Co., Los Angeles, Calif., Member 
{IME 


This paper is another valuable addition to our growing 
knowledge concerning relative permeability, and we are in- 
debted to the authors for its presentation. 

To me the paper makes three important contributions. 

First, it presents a simplified apparatus for measuring rela- 
tive wetting phase permeabilities by the capillary pressure 
method. Those of us who have used this method know that 
the accurate measurement of the pressure drop across the core 
is the most difficult part of the operation. The authors have 
eliminated this measurement by determining the pressure 
drops across the diaphragms at various flow rates. This pres- 
sure drop is then subtracted from the total pressure drop 
across the system (which is easily measured) to obtain the Fi 
pressure drop across the core. The advantages of this tech- 
nique are enumerated in the paper. 

There are, however, some difficulties which should be pointed 
out. The end diaphragms should have permeabilities of the 
same order of magnitude as the core so that the pressure drop 
across the diaphragms will be a fraction of the total pressure 
drop. The entrance pressure of the diaphragms must also be 
high enough to allow desaturation of the core to the desired 
degree without penetration of fluid. Diaphragms meeting these 
requirements are not easy to find. Care must be taken to see 
that there is nothing in the flowing liquid which will tend to 
plug the diaphragms; otherwise, the permeabilities of the dia- 
phragms will change during the test and therefore the pres- 
sure drops for given flow rates will increase. 

Finally, some consideration must be given to the pressure 
drop across the capillary contact material. In our laboratory 
we have used finely ground diatomaceous earth for contact 
material and have found that the combined permeability of 
the diaphragm and contact material decreased as higher pres- 
sures were applied to the gas phase. Possibly the authors have 
some technique for eliminating this difficulty which they would 
be willing to explain. 

The second important contribution in the paper is the mod- 
ification of the formula for calculating relative wetting phase 
permeabilities from capillary pressure curves. In our formula, 
the relative permeability curve of a system of capillary tubes 
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having the same capillary pressure curve as the core was cal- 
culated. When these calculated curves were compared to the 
measured curves, it was found that they deviated more and 
more as the core was desaturated. The calculated relative per- 
meability values were made to approach the measured values 
by multiplying by an average tortuosity coefficient which de- 
creased with decreasing saturation. The authors have assumed 
that the tortuosity is related to pore radius and have developed 
a revised formula for calculating relative permeabilities from 
capillary pressure curves. It is interesting to note that their 
formula is similar to ours and differs only in the power to 
which the capillary pressure is raised. The assumption that 
the tortuosity is related to the pore size has received some 
verification in our laboratory. We have noted that the change 
of the coefficient of tortuosity with saturation is related to 
the change of the pore size with saturation. The use of the 
revised formula would therefore appear justified. Numerous 
tests must be made, however. before it will be known whether 
the constant 6 is determined by a particular field or zone or 
whether it is related to some measurable property of the core. 

The third contribution of the paper is the confirmation that 
the oil acts as the wetting phase in the core even though inter- 


FIG. 18 — CORE HOLDER. 


| stitial water is present. The work in our laboratory has also 


confirmed this conclusion. This is an important point since, 
as the authors point out, we can then calculate relative oil 
permeabilities from oil capillary pressure curves when inter- 
stitial water is present. It also has other valuable implications. 
The interstitial water can then be considered part of the rock 
matrix for some problems. The manner in which the oil is 
displaced by other flowing fluids is influenced by the way in 
which the oil wets the core. Probably many other implications 
will be become apparent as we study the problem. 

These contributions are definite advances in the study of 
relative permeability relations. 


DISCUSSION 
By J. W. Wilson, Union Oil Co. of Calif. 


The authors have made an interesting modification in the 
equation used by Purcell and by Gates and Lietz in an effort 
to eliminate the correction factor called “lithology factor” by 
Purcell for homogeneous flow. and “coefficient of tortuosity” 
by Gates and Lietz for multiphase flow. Since the new “con- 
stant” seems to vary less than the old “constants.” progress 
has been made. 

There is one disturbing feature of the “bundle of capillaries 
concept.” It is assumed that all capillaries above a certain 
size contain only the non-wetting phase (oil, let us say). while 
all smaller capillaries contain only water. For this idealized 
system we could calculate relative permeability curves from 
the capillary pressure relation somewhat similar in appear- 
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ance to those obtained in practice. They would possess the 
feature, however, that at every saturation, the sum of the oil 
and water relative permeabilities would equal 1. In actual 
experience, this is far from true. It is possible to account for 
the deficiency by a “tortuosity factor.” and admittedly it is 
logical to expect each phase to interfere with the freedom of 
flow of the other in an interconnected system. To use only 
the pore radius as the measure of this factor does not seem 
quite adequate, however, especially if one considers the prob- 
lem of applying the concept to the calculation of the non- 
wetting phase permeability. Here we would need a “tortu- 
osity factor” of infinity when the oil is in the largest pores 
(up to the equilibrium oil saturation), with a decreasing fac- 
tor as the oil is introduced to smaller and smaller pores. 
With respect to the experimental technique, I would like to 
ask if it is not likely that the effective permeability to the wet- 
ting phase of the end plates decreases at increasing capillary 
pressure. Such variation would introduce an error into the 
method of calculating pressure drop used by the authors. The 
fact that a plate 1/16-in. thick will have a lower breakthrough 
pressure than one '-in. thick indicates that there is probably 
penetration of a plate by the non-wetting phase over much of 
its surface at pressures approaching the break- 
through pressure, and, of course. there would be virtually 
complete displacement of the non-wetting phase from any 


capillary 


regions between the plate and core not in good contact. In 
laboratory we 
and have often observed appreciable decreases in effective 
the end plates at the lower wetting phase 


our use side taps to measure pressure drop, 
permeability in 
saturations. 


AUTHORS’ REPLY TO MESSRS. GATES AND WILSON 


Wilson’s comments imply that, if the bundle of capillary 
tubes analogy were an accurate picture of a porous medium, 
our method of calculating relative wetting phase permeability 
should also be applicable to the calculation of the nonwetting 
phase relative permeability. If one carries out the calculation 
for, say, the relative oil permeability in the water-oil system. 
the calculated curve does not have the form of the measured 
relative oil permeability curve. Upon closer examination, how- 
ever, one notes that, if the calculated curve is shifted to the 
left. it takes on the 
phase curve. 

The simple bundle of tubes analogy predicts symmetry be- 


appearance of part of the nonwetting 


tween the wetting and nonwetting phase relative permeability. 
Although few data are available, laboratory results indicate 
a tendency toward symmetry for the nonwetting and wetting 
phase relative permeability curves. Cores for which the rela- 
tive water permeability curve is far to the right on the usual 
plot also yield relative oil or gas permeability curves which 
are to the right of the center of the plot. 

We realize that the bundle of capillary tubes concept is too 
simple. The results of its use to date, however, have given us 
encouragement. 

To answer the question about the change in combined per- 
meability of the porous diaphragms and contact material we 
can say that we have found no change in combined perme- 


abality up to one psi capillary pressure. The maximum capil- 


lary pressure that we have used is three psi at which pressure 
the decrease in combined permeability may be as much as 
10 per cent. However. by referring to Fig. 11 and Table II 
of the paper. one can see that at capillary pressures greater 
than the pressure drop across the diaphragms and 
contact material is less than two per cent of the total pressure 
drop. Consequently a decrease of 10 per cent in the combined 
permeability of diaphragms and contact material causes a 
* & @ 


negligible change in overall pressure drop. 
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SURFACE INDICATING PRESSURE, TEMPERATURE AND 
FLOW EQUIPMENT 


M. B. RIORDAN, BYRON-JACKSON CO., LOS ANGELES, CALIF., MEMBER AIME 


ABSTRACT 


A surface indicating pressure, temperature and flow instru 
ment that employs variable frequency sensing elements has 
proved useful in evaluating flow characteristics of wells. Rela 
tive productivity of individual oil and gas sands in a given 
well can be analyzed at several back pressures. 

The variable frequency sensing elements are an improve 
ment in sensitivity and accuracy and make possible observa 
tion of temperature and pressure variations that have not 
been possible heretofore. The surface indicating feature re- 
sults in a mere direct approach to solving problems and elim- 
inates many assumptions, 

All three subsurface factors are evaluated, and correlation 
between them results in a direct means of analyzing reservoir 
and well conditions. 

Surveys have been used to evaluate well performance, locate 
gas entry in high ratio wells and to investigate gas injection 
and water flooding conditions. 








INTRODUCTION 


In a flowing well that is open to a multiple number of pro 
ducing sands with varying characteristics, it is valuable to 
know which sands are producing fluid at a given back pressure 
and in what relative quantity. Core studies could qualify an 
interval as productive, and reserves would be computed on 
this basis. Unless the well is produced so that the interval 
does contribute, irreparable damage to the interval can occur 
It is generally accepted that the optimum condition of pro 
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Paper presented at the Petroleum Branch Fall Meeting in Los 
Calif., Oct. 12-18, 1950. 


FIG. 1 — VIEW OF PTF EQUIPMENT RIG-UP. 
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duction of oil in an oil well will be, if the objective is to 
produce the largest amount of oil at the least cost, to produce 
oil at such rates of flow that the decline of production and 
the intrusion of edge water should be uniform as between 
all portions of the producing horizons producing into the 
well. An indirect approach to this problem does not always 
result in a timely practical answer. To insure a correct answer, 
the condition should be measured as directly as possible, while 
the well is being produced. The PTF equipment was devel- 
oped with this objective. Measurements of all variable factors 
that can be associated with fluid movement, to a high degree 
of dependability and accuracy, was a design requirement. 

Initial field use has indicated that sufficient data can be 
obtained with the instrument to answer the questioned con- 
ditions in a reasonable length of time and at a reasonable cost. 

A description of the instrument, the principals of opera- 
tion, and the field experience are discussed herein. 


DESCRIPTION OF THE EQUIPMENT 


The equipment consists of: 

(1) A special hoist truck designed to handle 15,000 ft of 
1-H-0 (.190 OD) Amerigraph single conductor cable. 
The construction is conventional for wire line trucks ex- 
cept for size and weight. Auxiliary equipment includes 
a line measuring device, 110 v a-c power generating plant, 


FIG. 2 — LUBRICATOR GLAND 
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a sensitive weight indicator and intercommunications 


system 


rhe lubricator has a unique packing gland system and 
is designed for pressures up to 3,000 psi. The gland 
(Fig. 2) is actuated by a hydraulic system that develops 
the contact pressure between the cable and the rubber 
cylinder of the gland. This permits gland control from 
ground levei and provides a very flexible and safe system. 
Maximum pressure drop with minimum line friction is 
accomplished by staging. The pressure behind each 
gland stage is independently controlled from ground 
level. Stage one hydraulic pressure is adjusted to exceed 
the well head pressure in the lubricator sufficiently to 
cause the rubber cylinder to contact the cable lightly 
without supporting the cable weight. The second stage 
is adjusted to accomplish the same condition on the pres- 
sure being passed by stage one. This results in a maxi- 
mum pressure drop with minimum line friction. When 
conditions require it, a heavy grease can be injected be- 
tween glands to increase the pressure drop and lubricate 
the line. The lubricator structure is capable of supporting 
the load of the cable and instruments and can be erected 
over the well by the operating crew. The instruments 
have been successfully run to depths of 13,000 ft and the 
cable lubricated in against pressures as high as 2,300 psi. 
\ blow-out ram of similar design and actuated by the 
same hydraulic system is used below the lubricator trap 
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assembly as insurance against unexpected conditions. It 
can be closed around the line or the instrument, or act 
as a valve for complete closure. 

The subsurface flowmeter element is a turbine impeller 
type that is rotated by the fluid velocity. The impeller 
drives a commutator through a magnetic coupling which 
isolates the commutation system from the well fluid and 
pressure. The commutator interrupts a light beam on a 
photo cell and a frequency signal is generated. The fre- 
quency is a direct function of the volume of fluid passing 
through the meter. The meter sensitivity is improved by 
the use of an expansible element that contacts the liner 
wall and diverts a maximum amount of fluid through the 
meter. The packer element in the collapsed position (9 in 
Fig. 3) is run out the bottom of the tubing to the top of 
the producing interval. A small explosive charge in the 
blast chamber (part 10) is fired by increasing the volt- 
age on the line at the surface. This releases a spring- 
actuated mechanism that expands the packer element. 
When the flow data has been obtained the packer is 
pulled against the bottom of the tubing to actuate a 
second trigger. This releases the mechanism and the 
packer element returns to the original collapsed position. 





The subsurface pressure and temperature sensing ele- 
ment are of a novel design that employs the known prin- 
ciple that the natural frequency of transverse vibrations 
of a stretched wire is proportional to the applied tension 
on the wire. The element is made up of two parts, the 
vibrating wire assembly and the subsurface amplifier. It 
is contained in a tubular envelope, one and three-eighths 
in. in diameter and 24 in. long (Fig. 4). By arranging 
the vibrating wire design so that the phenomenon to be 
measured varies the tension in the wire and the vibra- 
tions occur in a magnetic field, a variable frequency 
signal proportional to the phenomenon is obtained. The 





FIG. 4 — SUBSURFACE AMPLIFIER. FIG. 5 — PRESSURE ELEMENT. 
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wire is maintained in vibration by feeding back a portion 
of the amplified signal to the wire. 


This type of sensing element is particularly adapted to 
subsurface measurements for the following reasons: 
(a) It is capable of measuring a wide range of physical 
properties. 
(b) It quantities to a 
quency, which can be measured with great accuracy. 


converts these variation in fre- 


(c) The total scale of measurement may be divided into 
a large number of accurately reproducible units. 

The 
to a high order of accuracy. 
The 


long lengths of cable without loss of accuracy. 


(d) instrument retains its fundamental calibration 


(e) measurements can be easily transmitted over 


The pressure element (Fig. 5) wire tension is varied by 
the of a thick-walled diaphragm. 
Temperature compensation is accomplished by using a 


deflection relatively 


wire support frame material of identical expansion coefh- 
cient as the vibrating wire. 


FIG. 6 — TEMPERATURE ELEMENT. 
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The temperature element (Fig. 6) wire tension is varied 
by the and of the 
frame 


expansion contraction wire support 


The high order of accuracy and ability to reproduce re- 
sults is accomplished by dealing with the physical con- 
stant of the material of construction and eliminating me- 
chanical movement in the elements that are exposed to 
the varying well conditions. 

The surface instrumentation includes a comparator unit, 
(Fig. 7). 

(a) The comparator unit employs the described vibrating 


oscilloscope and power supply 


wire element and feed back circuit arranged so that the 
tension of the wire is varied through a micrometer mech- 
anism to resolve the range of tension readable on a dial 
in 10,000 divisions. For observation, the calibrated fre- 
quency signal from the comparator is fed to the hori- 
zontal plates of the oscilloscope, and the subsurface signal 
is fed to the vertical plates. This null beat system permits 
visual matching of the surface and subsurface frequency 
to a fraction of a cycle. The dial reading is convertible 
from the calibration curve to pressure and temperature 
The sensitivity of the system is apparent when 
the following facts are considered. The sensing element 
range from rated load 
3.000 cycles change. The change can be observed 
A 6,000 
psi element has a variable output signal that can be 
divided into 12.000 detectable units. The frequency of 
the pressure and temperature sensing elements are ad- 
justed to given band widths, and by using a filter circuit 
at the surface the two signals transmitted over the single 
conductor can be separated and observed simultaneously. 


values. 


frequency zero to iS approxi- 
mately 


and accurately matched to one-fourth of a cycle. 


Switching several vibrating wire assemblies through a 
subsurface relay to a single amplifier reduces the length 
of the instrument and makes possible the observation of 
several factors in a single run. Power for the subsurface 
amplifier is fed down the cable as direct current. The 
signal output from the sensing element is alternating 
current. The d-c power is blocked at the amplifier output 


by use of a suitable condenser. 


FIELD TECHNIQUE 


The equipment can be run under the same conditions as 


pressure bomb surveys. Derricks or “A” frames for sheave 


support are not necessary. 


Time in the well is unlimited because the device is free 


of clocks or battery power supplies. 


The procedure for most problems is to lower the unitized 
instrument to a position just above the upper perforations 
and make a temperature traverse, plotting the data as it is 
taken. Any fluid movement in an oil well has an associated 
temperature effect. The problem is to locate and interpret 
these conditions. Any observed anomalies are carefully brack- 
eted by taking sufficient stations to develop a complete picture. 
The and flow are then made to confirm 
and expand the detail indicated by the temperature curve. 


pressure traverses 


The value of the data must come from the interpretations 
of the anomalies. When the three dependent factors, pressure. 
temperature and flow, are taken at the same time and under 
the same well conditions with surface indications, the inter- 


pretations can be straight forward and conclusive. The data 
are available as the survey is made and the operator can adjust 
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the running conditions or well conditions to obtain the maxi 
mum detail. Gas entry is indicated by the curve slope chang 
ing from the normal geothermal gradient through the vertical 
to the left. This is a decrease in temperature and is caused 
by the expanding gas. If a volume of gas is expanding at a 
given interval in the well, the pressure gradient should b« 
less at this point. It is then always possible to confirm that 
the temperature curve change to the left is due to gas expan 
sion with the data. The flowmeter 
bracket and indicate the relative amount of gas that is physi 
cally entering the well. Water entry is indicated by the curve 
slope changing from the normal geothermal gradient to ap 
proach the horizontal to the right. This is an increase in 
temperature. This condition is developed when a volume of 
water, which has relatively high specific heat, enters a well 


pressure traverse will 


FIG. 7 — COMPARATOR. 
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FIG. 8 — DATA CURVE 1, PTF SURVEYS. 


bore as the well is made to flow or produce. Again this fluid 
movement can be confirmed by correlation with the pressure 
flow equipment. Oil flow, because of its intermediate specific 
heat value, has an intermediate effect and the temperature 
anomalies fall between the gas and water extremes. In all 
cases clearly defined anomalies are assured if the well is shut 
in or conditioned just prior to making the survey. The surface 
indication and recording equipment make it possible to follow 
the complete thermal change to producing equilibrium. 


Fig. 8 is a plot of data taken to evaluate the producing 
conditions of an unsatisfactory completion. The temperature 
curve (A) was made while the well was flowing. The anomaly 
from 5.900 to 6,000 ft indicates a principal gas entry centering 
at 6,000 ft. Note that the temperature values were taken in 
the tubing. Temperature curves (B) and (C) were taken at 
one-half hour and one hour after shut-in and the principal 
deflection is at the 6,000-ft interval. The well is 
shut in with the instrument in the well, and the transition to 
equilibrium can be followed as it occurs. This practice pro- 
vides greater differences at anomaly points and confirms con- 
ditions that could be questionable under flowing conditions. 
The temperature, pressure and flow curves indicate that the 
lowest point of any fluid movement is 6,440 ft. It was inter- 
preted that the indicated fluid movement below the bottom 
of the tubing had its source from the 6,000-ft interval. The 
turbulence created by the change of direction of flow and 
increased velocity extended the movement below the bottom 
of the tubing. Pressure and flow readings in the interval 
6,400 to 6.450 showed considerable fluctuations, indicating that 
the gas was being produced intermittently. The plotted curves 
are the average of these observed values. 


centered 


This example indicates that high ratio wells tubed to bot- 


tom can be surveyed conclusively to determine points of 
principal gas entry. The sensitivity of the temperature instru- 


ment and the flexibility added by the surface indication and 


the surface power supply make this possible. 


Fig. 9 is a plot of data taken to evaluate a completed well 
to determine what portion of the open interval was contrib- 
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uting, and to determine what occurs when the well back pres- 


sure is varied. The core permeability is correlated with the 
PTF data. At the 260 B/D rate the wellhead pressure was 
325 psi. Note that the temperature curve indicates the lowest 
point of fluid movement to be 10,080 ft. The flow curve for the 
same well condition confirms that the lowest point of fluid 
movement is 10,080 ft. The bean was changed and time per- 
mitted for the well to come to equilibrium. This reduced the 
production to 125 B/D and the wellhead pressure increased 
to 975 psi. The temperature curve now indicates the lowest 
point of fluid movement to be 9,990 ft which is 90 ft above 
the lowest point indicated at the 260 B/D rate. The flowmeter 
curve confirms this condition. It is interesting to note that 
the numerical temperature differences of the interval 9,970 to 
10,000 varies as a direct function of the production rate. Two 
months later the well was rerun to determine if any changes 
had occurred. The production was 160 B/D and the wellhead 
pressure was 750 psi. The subsurface producing conditions 
were found to be very nearly the same as the 125 B/D rate 
except for the temperature difference at the 9,970 to 10,000-ft 
interval. 


CONCLUSION 


It can be concluded from the initial field tests that the de- 
scribed instruments offer the following advantages and possi- 
bilities: 

(1) The surface recording feature increases the flexibility of 
taking subsurface data and more 
results. 


assures conclusive 
The accuracy and sensitivity make possible more detailed 
data that results in better interpretation. 

The availability of all three factors — pressure, tempera- 
ture and flow — make it possible to evaluate the charac- 
teristics of a flowing well. The pressure at which a given 
sand will produce can be determined. 
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FIG. 9 — DATA CURVE 2, PTF SURVEYS. 


+) Temperature surveys in high ratio flowing wells tubed 
to bottom can determine points of principal gas entry. 
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the United States. ‘ "Te mits the making of confidential 
These crews, using the Sperry-Sun -, en surveys. 

Gyroscopic Surwel Multishot Survey- Pig Operators around the world 
ing Instrument, require about one hour (ie * Bm cre also profiting through use of 
for 2 surveys (in and out) for each 3500 @ : Sperry-Sun’s E-C Inclinometer, 
feet depth on a wire line, and about two } £ [> Syfo Clinograph, Non-Mag- 
hours on the drill stem, depending upon "MS netic Drill Collar Rentals 
available rig equipment and the ability and Polar Core Orienta- 
of the rig crews, A permanent photographic 


SPERRY-SUN WELL SURVEYING COMPANY 


Sars pa: 


Philadelphia, Po. Falfurrias, Texos Odetso, Texas Marshall, Texas Long Beech, Calif. Oklahoma City, Ona. 
lofoyette, la. Bakersfield, Calif. Moulden Oil Field Services, Casper, Wyo. Crossville, Ilinois 





Professional Services 


This epace available only to AIME members. Rates upon request. 





AMSTUTZ AND YATES, INC. 


Petroleum Engineers and Geologists 
Estimates of Oil & Gas Reserves 
Property Valuations, Reservoir Analyses 
Geologic Investigations 
406 KFH BLDOG., WICHITA 2, KANS 


FITTING & JONES 


Engineering ond Geological Consultants 


Petroleum Natural Ges 


Box 1637 


223 S. Big Spring St Midland, Texes 





OILFIELD SERVICE COMPANY 
Electric © Water tn : —y° hed — Caliper 
p ondhe > ~; 
CHANUTE, KANSAS 


S 




















BERGER AND PISHNY 
Consulting Geologists ond Engineers 
901 Commercial Standard Bidg. 

Fort Worth 2, Texas 
Wolter R. Berger Chas. H. Pishny 


MICHEL T. HALBOUTY 


CONSULTING GEOLOGIST 
AND PETROLEUM ENGINEER 


Shell Building 


Houston 2, Texas Phone PR-6376 


ERNEST K. PARKS 
nang a awe el 
Oilfield Operations, A of Oil x 
Geos Reserves, Oil Property Valuation 

614 S. HOPE STREET, LOS ANGELES 17, CALIF 
Telephone: VonDyke 4659 























JOHN G. CAMPBELL, CHEMIST 
Licensed for 
Fivorometric Anolysis of Wel! Cuttings 


Podbielniok & Charcoal! Analyses 
Waters - Oi! Field Brines - Cores 


CORPUS CHRISTI, TEXAS PHONE 4-5612 


HAMILTON AND CHOMBART 


Well Log Consyltants 
Wright Building 
Tulsa, Oklahome 

Electric Log Analysis and Review 
Interpretation 
Oklahoma-Kansos log Analysis Service 
log Analysis Conferences 
Phones 3-7055 — 7-1825 
OR. R. G .HAMILTON L. G. CHOMBART 


WALTER ROSE 


University Station 
AUSTIN, TEXAS 


Box 1581 








E. E. REHN 


Consulting Petroleum Geologist 
Oil Exploration 


Woods Building, 624 Locust Street 
EVANSVILLE, INDIANA 


























CHEMICAL & GEOLOGICAL 
LABORATORIES 
c Hants Investig 
James G. Crowford 
H. E. Summerford Petroleum Geologist 


F. Raymond Wheeler . Petroleum Engineer 
P. O. BOX 279 CASPER, WYOMING 


Evaluations 





Chemica! Engineer 


RICHARD V. HUGHES 
Secondary Recovery of Oj 
Mining Building Stanford University 
Stanford, California 














PETROLEUM CONSULTANTS 


Engineering ond Geology 
E. O. Bennett James O. Lewis 
D. G. Hawthorn William Murs! 
M. D. Hodges 


1552 Esperson Bidg Houston, Texas 


SOL SMITH 
CONSULTING ENGINEER 
PETROLEUM AND NATURAL GAS 
Reserves Deliverability 
Oil and Ges Proration 
826 BROWN BUILDING 
AUSTIN, TEXAS PHONE: 89498 

















CRUTCHFIELD AND PRUETT 
CONSULTING PETROLEUM ENGINEERS 


224 Wilson Building 
CORPUS CHRISTI, TEXAS 
John W. Crutchfield Horton T. Pruett 








KELLER & PETERSON 


Petroleum Consultants 
Reserve Estimates Property Approisals 
Petroleum and Geological Engineering 
Reservoir Analysis 
MIDLAND, TEXAS 
P. O. Box 1787 Phone 4-618 
W. O. Keller L. F. Petersor 


WM. H. SPICE, JR. 


Consulting Geologist 
2101-03 Alamo National Building 
SAN ANTONIO 5, TEXAS 








R. W. TESCH 
PETROLEUM CONSULTANT 


Valuation 
Electric Bidg 





Fort Worth, Tex 

















DENTON-SPENCER 
COMPANY, LTD. 


CONSULTING PETROLEUM ENGINEERS 


Lancaster Bidg Calgary, Alberto 


JAMES A. LEWIS ENGINEERING, INC 
Petroleum Reservoir Analysts 
Core Analysis, Relative Permeability 
Restored State, Resistivity, Flood Tests 
Comprehensive Reservoir Studies 
Pressure Maintenonce, Secondary Recovery 
6923 Snider Plaza P.O. Box 237 
Dallas 5, Texas Evansville 8, Ind 


TRAFFORD & ASSOCIATES 


Geological, Petroleum Engineering and 
A Cc Htont 





9 


E — Woles Hote! Bidg. Phones 
- 10th Floo a 
P Koui al 61224 


RJ. Pogue Calgary, Alberta 63132 























EARLOUGHER ENGINEERING 


Petroleum Consultants - Core Anolyses 
Specializing in Secondary Recovery 
Investigations - Appraisals - Operctions 
311-319 East Fourth Street 
TULSA 3, OKLAHOMA 
Office 2-5129 Laboratory 2-6139 


W. T. MENDELL 
Engineering & Geologica! Consultant 
Second Notiono! Houston, Texes 
Bonk Building CApita! 7612 


JOSEPH B. UMPLEBY 
6214 PARK LANE 
DALLAS 5, TEXAS 




















CLEVELAND ©. MOSS 
CONSULTING PETROLEUM ENGINEER 
Estimates of Of] and Gas Reserves 
Valuation—Production Problems—Proration 
208 MIDCO BLDG TULSA 3, OKLA 








HAROLD VANCE 


CONSULTING PETROLEUM ENGINEER 


Pet. Engr. Dep? A & M College 
College Station, Texas 
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AIME Mexico City Meeting 


Except for listing the papers to be presented, the program 
for the AIME Fall Meeting, in Mexico City, beginning Mon 
day, Oct. 29, can now be given in some detail. It will be a 
joint meeting with the Pan-American Institute of Mining En 
gineering and Geology (its third congress) and the Instituto 
Nacional para la Investigacion de Recursos Minerales, of 
Mexico, whose director general, Raul de la Pena, first issued 
the invitation to the AIME, early in 1950. 

Monday morning at 10 o'clock, the opening sessions will be 
held, followed by an “official banquet” at 1 p.m. Later in the 
afternoon, trips to places of interest in the city are scheduled 
At 9 p.m. will be staged “Mexican Gala Night,” an exhibition 
of regional dances and costumes by representatives of the 52 
Indian tribes of Mexico. 

Tuesday and Wednesday mornings and afternoons, there 
will be technical sessions. The Minerals Beneficiation Division 
of AIME will have a full program of four sessions, with a 
somewhat less extensive program in prospect from the Mining 
Geology, and Geophysics Division, the Industrial Minerals 
Division, and the Mineral Industry Education Division. No 
petroleum papers will be given. 

AIME headquarters for registration will be at the Hotel 
del Prado, but technical sessions will be in the Sala 
Manuel M. Ponce in the Palace of Fine Arts. Across the street 
from the Prado is the Regis, and there are two other top 
ranking hotels, the Reforma and Geneve, from five to ten 
blocks away. 


most 


\ well-established and bonded organization, Aguirre’s Guest 
Tours, S.A., Av. 5 de Mayo No. 18, Mexico, D.F., is handling 


AF LSON 


IT TAKES THE BEST OF EVERYTHING TO MAKE @ COUPLING... 


|e) ae Ce) oh 24 | 
Sucker Rod service 


Suck 


more 
Axelson 


Couplin; \ 


Axelson f Xp rt 
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all arrangements for transportation and hotel accommodations 
An over-all price has been set to include the following serv 
ices: (1) Transportation from airport or railroad station to 
hotel; (2) A sightseeing trip in Mexico City; (3) Admis 
sion to the Mexican Gala Show; (4) Dinner and dance at El 
Patio night club Tuesday with special floor show; (5) Round 
trip to Xochimilco Thursday including banquet luncheon; and 
(6) Seven lodging at the best hotels in the city in 
single or double rooms with double or twin beds. The over- 


days’ 


all price for these six items is $71 per person. If a somewhat 
less luxurious hotel is desired the price will be $61 or $56. 
In every case the best rooms in the hotel will be provided. 
Four special tours after the convention have been arranged, 
beginning Sunday, Noy. 4. Inquiries for further information 
on the convention and reservations should be sent to William 
G. Kane, San Juan de Letran 9, Room 805, Mexico 1, D. F., 
Se. 2. 


using the coupon below. 





Mr. William G. Kane 
San Juan de Letran 9, Room 805 

Mexico 1, D. F 

| expect to come to the Fall Meeting in Mexico City, and am inter 
ested in a (single) (double) room at the over-all double-room price 
including social events but not hotel me=ls, of ($56), 
There will be 
Expected date of 


per person 
$61 $71) 
party 
departure 
automobile 


men and ladies in my 
arrival 

; by (rail) (airplone) 
Name 
Title and Company 


Street 





City, Zone, State 
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FOR PETROLEUM 


PUMPING EQUIPMENT 


THERE 1S NO 
ECONOmIC AL 
SUBSTITUTE 
FOR QUALITY 
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AXELSON MANUFACTI 
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Employment Notices 





The Journat will post notices of 
men and jobs available. Companies and 
AIME members are invited to use this 
space, for which there is no charge. 
Except as noted below, address replies 
to: Code (appropriate number), Jour- 
NAL OF Petroteum TECHNOLOGY, 408 
Trinity Universal Bldg.. Dallas 1. Show 
return address on envelope. These re- 
plies will be forwarded unopened and 
no fees are involved. 

Replies to the positions coded Y5792, 
T8017, and M-632-104 below should be 
addressed to: Engineering Societies 
Personnel Service. 8 West 40th St., 
New York 18%, N. Y. The ESPS, on 
whose hehalf these notices are pub- 
lished here, collects a fee from appli- 
cants actually placed. 

POSITIONS 

@ General engineer with good back- 
ground mechanical or chemi- 
cal engineering, plus experience in the 
construction, maintenance and repair 
of petroleum handling facilities. Work 
will be in the development and/or ex- 
pansion of petroleum handling and 
storage facilities to meet requirements 
for fuel and diesel oils, aviation and 
motor gasolines, jet fuel, kerosene and 
lubricants, receiving and supplying fa- 
cilities, pier, transmission lines, etc. 
Salary, $5,400 a year. Location, Wash- 
ington, D. C. Y5792. 


in civil, 


@ Engineers. (d) Research engineer. 
27-40, BS, and preferably a PhD in 
chemical engineering or physics. Must 
have had seven years’ experience in pe- 
troleum and/or petro-chemical and al- 
lied industries. 
theoretical and experimental studies of 
performance of petroleum bearing res- 
ervoirs under secondary recovery mech- 
anisms. Must have good background in 
general physics. 
laboratory experience in equipment and 
techniques. Salary. $6,000-$8,400. (e) 
Research engineer. 27-40: 
least BS degree. Prefer applicant who 
has had graduate study to PhD or in 
dustrial experience preferably in petro- 
leum and 
lied industries. 
principles 
and selection of principle or method 


Will be responsible for 


mechanics and some 


must have at 


electro-chemical and al 
Evaluation of physical 
pertinent to measurement 
best suited as basis for instrument de- 
velopment. Variable such as high tem- 
peratures, limita- 
tions. Must have broad background in 


pressures and size 
physics and some experience in elec- 
tronics and 
gadgeteering. Salary, $6,000-$8.400. (f) 
Petroleum engineer, 22-35; must have 
at least BS. and preferably MS in pe- 
troleum engineering or equivalent with 
strong background in chemistry. Must 
have had two years’ experience prefer- 


considerable ability in 


ably in petroleum and/or petroleum 





Proposed for Membership, Petroleum Branch 





Total AIME membership on Aug. 31, 1951, was 
17,122; in addition, 2,511 Student Associates 
were enrolled. 

ADMISSIONS COMMITTEE 

Thomas G. Moore, Chairman; Carroll A. Gar- 
ner, Vice-Chairman; George 8. Corless, F. 
Honson, Albert J. Phillips, Lloyd C. Gibson, R. D. 
Mollison, John T. Sherman. Alternates, A. C. 
Brinker, W. Hitzrot, Plato Malozemoff, t-an 
iven, T. D. Jones, W. A. Clark, Jr. ‘ 

Institute members ore urged to review this list 
as soon as the issue is received and immediatel 
fo wire the Secretary's office, night message co 
lect, if objection is offered to the admission of 
any applicant. Details of the objection should 
follow by air mail. The Institute desires to ex- 
tend privileges but does not desire to admit per- 
sons unless they are qualified. Obiections on 
applications should be received on the 15th of 
the month following publication in PETROLEUM 
TECHNOLOGY 

In the following list C/S means chonge of 
status; R, reinstatement; M, member; J, Junior 
Member; A, Associate Member; S, Student Asso- 
ciate; F, Junior Foreign Affiliate 
CALIFORNIA 

San Francisco — Dunn, William R. (J) 

Ventura Matheny. Shannon L., Jr. (J) 
(C/S-S-J) ; Murray, Richard L. (J) (C/S-S-J) 
ILLINOIS 

Grayville 

Terre Haute 
LOUISIANA 

Bossier City 
C/S8-S-J) 

New Orleans 
A-M). 


Vaughn, Ewel E. (J) (C/S-S-J). 
Powell, Larry C. (M) 


Sanderson, Wilson I. (J) 


Homer, Joseph F. (M) (C/S- 


SECTION 2 


Pointe Ala Hache Schulte, Francis L. (J) 


Sweeney, Robert J.. Jr. (J) 


Butterworth, William J. (C/S- 
NEW JERSEY 
Pe ee Ridge—Amero, Robert C. (M) (C/S- 
OKLAHOMA 
pa Morton, Clarence F. (M) 
a; Png Virgil J.. Jr (J): Hilton, 
J) (C/S-S-J) 
PENNSYLV ANIA 


Pittsbu Morgan, Frank (M) 
-Chatas, Angelos T. (J) (C/S-S-J) 
’ 
Meisenheimer, David B. (J) 


Wilson, Phillip M. (J) 
Nutto, William J. (M 
Kilgore Bass, Robert W. (J) 
Longview — Zeid, Marvin ( 
McAllen Davis, Waymon L 
‘. 


, 
/S-S-J) 


Overton New, Jack H. (J) 
Silsbee Edmonds, Bruce J 
CANADA 
Alberta Foo, Edmund M. (J) 
Regina, Saskatchewan 
endra K. (M) (C/S-J-M) 
FRANCE 
Basses Pyrenees 
TURKEY 


Ankara 


Chakravor 


Seguret, Jean J. (M) 
Onder, Kasim E. (M) (C/S-A-M) 
x~** 
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chemical and allied industries. Salary, 
$4,680-36,300. (g) Petroleum engineer, 
22-35; must have at least BS, and pref- 
erably MS in petroleum engineering. 
Must have had two years’ industrial 
experience preferably in petroleum 
and/or petro-chemical and allied indus- 
tries. Will prepare data preparation of 
analyzer results for reports. Basic field 
data such as core analysis data, produc- 
tion records, injection records, pressure 
measurements must alse be prepared in 
form usable in electrical analyzers. Sal 
ary. $4,680-$6.300. 
T8017. 


Location, Texas. 


@ Laboratory currently engaged in core 
analysis wants competent engineer to 
supervise core laboratory to be in 
stalled in Midland. Desirable to have 
knowledge of core analysis interpreta- 
engineering. Plan for 
Replies confi- 


tion, reservoir 
moderate participation. 
dential. Code 533. 

@ Experienced field engineer to collect 
production data and compile statistical 
information, conduct and correlate peri- 
odic bottom hole pressure surveys, and 
prepare such information for presenta- 
tion to the field operators and owners 
Must also be able to pre- 
sent factual data pertaining to field 
operations before state regulatory 
bodies, and conduct monthly meetings 


association. 


of the field engineering committee. Lo- 
cation Texas. Code 534. 


PERSONNEL 

@ Reservoir engineer, graduate with 
four years’ experience including oil and 
gas valuation, reserves and recoveries, 
core analysis and general engineering 
combined with laboratory research 
studies. Presently employed in super- 
visory capacity. Desire position with 
progressive independent or major. Age 
26, married, veteran. Code 155. 
@ Petroleum engineer, 29, five years’ 
experience in Gulf Coast area with ma- 
jor oil company. Experience has been 
primarily in drilling and production 
with some reservoir engineering. Desire 
job at permanent or semi-permanent 
location. Code 156. 

@ Administrative assistant (engineer- 
ing), petroleum engineering degree, 
age 30. Eight years’ varied petroleum 
industry experience, desires responsible 
position as engineer or administrative 
assistant to executive. Chicago area 
preferred but will relocate in Rocky 
Mountain region or Pacific Coast. M- 
632-104-Chicago. tak a 
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Manpower Convocation 
Set for September 28 


& An engineering manpower convoca- 


a 

Z tion, under the sponsorship of the En- 

3g gineering Manpower Commission of En- 

a gineers Joint Council, is scheduled for 
Sept. 28, at the Stephen Foster Memo- 

ie rial Hall in Pittsburgh. The purpose 


of the convocation is to inform the 
engineering profession about the criti- 
cal shortage of engineers and to invoke 
cooperation in remedying the situation. 
Industry as well as the profession will 
he represented. All local sections of the 
AIME and other parent EJC societies 
i" are invited to send one or more repre- 
sentatives to the convocation. ®* *® * 








Hoover Translation 


4 

Is Nearly Sold Out 

All orders for the reprint of the 

re Hoover translation of Agricola’s De Re 

; Vetallica have now been filled. If any 
AIME members who ordered the vol- 
ume have not received it, the Secretary's 
office should be immediately advised. 
The reprint sells for $10 net, with a 
10 per cent discount on orders for two 
or more copies. Approximately 200 
copies remained in stock early in Au- 
gust. When these are gone. the book 

5 promises to be difficult to get. * * *® 


1950 Transactions 


Volumes Available 
, All three AIME Transactions vol- 
umes for 1950 were published earlier 
in the year and are now available. They 
cover all technical papers, notes, and 
discussion published in the Transac- 
tions section of the three journals in 
1950, and nothing else except an index 
and title page. Vol. 187 contains the 
papers of the Mining Branch, Vol. 188 
of the Metals Branch, and Vol. 189 of 
the Petroleum Branch. Copies have 
been mailed to all who ordered them, 
and if not received the Secretary's of- 
fice should be notified immediately, The 
price of each volume is $7, less a 30 
per cent discount to AIME members. 
If ordered when dues are paid, Vols. 






















CORRECTION 
On Page 12. Section 1, of the 
August issue (“Today's Natural Gas 
Industry”) under the sub-heading 
“Threat of Federal Regulation,” the 
opening sentences of the second 
paragraph should read: 
, “This threatening condition has 
grown out of the administration of 
the Natural Gas Act, enacted in 
1938. It was clearly the intent of 
Congress by this Act to regulate the 
transportation of natural gas .. . 
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184 et Seq. are av tilable to members at 
a special discount of 50 per cent, o1 Meetings of Interest 
50. Statistics of ¢ ; ) . : : 

$3.50 ee f Oil and Gas Devel The annual meeting of South Cen- 
) f > uv c { . . . . 

oment and Production covering 1949 tral Region, National Association of 

is also available; the price is $6, with Corrosion Engineers, will be held 

: ng s, 

50 per cent discount to AIME men October 18-20 at Corpus Christi, 

bers no matter when ordered. This vol Tex. George A. Mills of Central { 

te includes the data that were pub Power and Light Co., Corpus Christi, 

fished during the year 1950 in the is general chairman of the meeting. 

JouRNAL or Perroteum TrcHNoLocy Attendance of about 250 is expected. 
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Personals 





James F. ALexanper. formerly Los 
Angeles district superintendent for the 
Lane-Wells Co., has been given a mili- 

tary leave of ab- 
sence to report for 
duty with 
the army. Alexan- 
der has been with 


the Lane-Wells Co. 


for over 


active 


three 
years and has been 
associated with the 
indus- 

oon try since his grad- 
uation from Tulsa University in 1941. 
He started with the Shell Co. in Cal- 
worked for Atlantic 
then 
where he be 


petroleum 


ifernia, Refining 
Texas and served in the 


Signal Corp 


Co. in 
ame a radar 
instructor and worked in electronic de- 
velopment. His duties for that 
same service will take him to Washing- 


ton, D. C. 
— 


Jack M. Suernerp has been named 
assistant superintendent of the London 
District, East Texas Field, for Humble 
Oil and Refining Co. Shepherd has 
been with Humble in various parts of 
Texas since graduation from Texas 
A&M College in 1936. His last assign- 


ment was as 


new 


assistant division petro- 
in the East Texas Divi- 
He has been Secretary- 
Treasurer and Chairman of the East 
Texas Section of AIME. 


+ 


W. G. PAULseLL is now general pro- 
duction engineer for Phillips Petroleum 
Co.. working at their South Burbank 
District, in Fairfax, Okla. 


leum engineer 
sion at Tyler. 


Rosert C. Hint has been employed 
by the Lane-Wells Co. as Los Angeles 
District Electrolog Engineer. Hill grad- 

uated the 
University of Colo- 
rado in 1941 as 
a geologist - petro- 


leum engineer and 
since that time has 
done exploration 
and survey work 
with Hall - Baker 
Exploration  Co., 
Schlumberger 
Corp.. and Mohawk Petroleum Corp. 
He originated and was head of the elec- 
tronic department of Eastman Oil Well 
Survey Co., and became mid-continent 
division manager of that company prior 
to joining Lane-Wells. 
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Louis C. BopemMAnn, Jr., junior pe- 
troleum engineer for the British-Amer- 
ican Oil Producing Co., has 
been transferred 


recently 
main office 
at Tulsa to the southern district office 


in Houston. 


Joun W. Brice has been made chair 
man of the board of directors for the 
Carter Oil Co., Tulsa. 


from the 


Lawrence H. Byrp is new in Los 
Angeles for the Humble Oil and Refin- 
ing Co. He 


Overton, Tex. 


was formerly located in 


Daviv J. Cozap, assistant district en- 
gineer with the Chicago Corp., is now 
located at McAllen, Tex. 

Ropert A. Fair is now employed as 
an engineer trainee for Ashland Oil 
and Refining Co., Oklahoma City, Okla. 


F. Davin Hart has joined the Gen- 
eral Petroleum Corp., Whittier, Calif. 


Warren O. Jounson is now with the 
Isern Bros. Drilling Co.. 


Kans. 


Ellinwood, 


James A. Kevvy has 
cony-Vacuum Exploration Co., Calgary, 


joined the Sw- 
Alberta, as petroleum engineer. 


Joun R. Kxupsen is now consultant 
for Reynolds & Knudsen, Inc.. Los An- 
geles. He was formerly with the Beloil 


Corp.. Ltd., Los Angeles. 


—_ 

Ropverick G. Murcuison has re- 
signed from the USGS ECA Colonial 
Survey, Mairobi, Kenya Colony, and is 
now engaged in private consulting work 


in Rocky Mount, N. C. 


Frank H. Martin is an engineering 
trainee with the Gulf Oil Corp., Crane 
Tex. 


Ricnarp L. O'Sutecps recently joined 
the production engineering department 
of the Pure Oil Co., Fort Worth 

+ 

RicHarD P. SCHOEMAKER is now em- 
ployed by Pacific Petroleum, Ltd., Cal 
gary, Alberta. 


Witttam H. Warp is an engineer 
trainee with the Sohio Petroleum Co., 
Oklahoma City, Okla. 
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V. L. Quincan has replaced Casry 
Cuapin as First Vice-Chairman of the 
South Plains Sub-Section of AIME. 
Quinlan is a petroleum engineer for 
the Magnolia Petroleum Co. at Brown- 
field, Tex. Chapin, of Stanolind Oil and 
Gas Co., has been transferred to Fort 
Worth. 


Witttam Hurst has become a part- 
ner in the firm of Petroleum Consult- 
ants in Houston. Other members of the 
firm are E. O. Bennett. James O. Lewis, 
and D. G. Hawthorn. Hurst 
merly a private consultant in Houston 


— 


THOMAS. 


was for- 


L. Vincent formerly dis- 
trict supervisor for Core Laboratories, 
North Texas Oklahoma 


has been advanced 


Inc., in and 


to sales engineer 
with offices in Fort 
Worth. Other pro- 
motions — recently 
announced — by 
Core Lab are John 
I. Caldwell, Mid- 
land, engi- 
Ka 7 neerfor West 
f- , Texas; V. B. Og- 
den, district supervisor of permanent 
lab operations in Midland. Abilene, 
Post, and Lubbock; Alvis O. Byrd. su- 
pervisor of formation logging operations 
in the Permian Basin; R. C. Wilshusen, 
district log- 
ging. analysis 
and reservoir fiuid analysis operations 
in Oklahoma, North Texas, Kansas, 
and Indiana: Ralph Jenkins, district 
supervisor of the Rocky Mountain area; 
and C. D. Holden, the 
California 


sales 


supervisor for formation 


diamond coring, core 


same duties in 


Ray S. Ousrernout, former devel- 
opment engineer with Dowell. Inc.. in 
Odessa, Tex.. has been transferred to 
the Midland district office and 


moted to district sales engineer. Ouster- 


pre- 


hout. a graduate of the University of 
Tulsa and a veteran of World War Il, 
started with Dowell in 1943. Before his 
appointment as sales engineer in Odes- 
sa. he served as service engineer in El 
Reno, Okla. 


Jack F. Doucuerty has joined the 
Empire Trust Co. as a vice-president 
with the oil and natural gas department. 
Dougherty was formerly associated with 
the firm of DeGolyer and MacNaugh- 
ton, Dallas, Tex., as vice-president in 
charge of their natural gas division. * 


September, 1951 





Benton Water Flood 


Continued from Page 13, Section | 
automatic controls and shutdown devices so that one man pet 
tour operates all of the central facilities, including the pick 
up pump station, water treating plant, injection pump station 
and central oil treating plant. 

Fig. 6 shows graphically, from the date of first production 
the performance of that portion of the Benton Field now 
under flood. Fig. 7 is a more detailed graph of the water flood 
performance over the 13-month period ending December 31 
1950. Prior to commencing water injection operations, the 
unit was producing at the rate of 1,400 B/D of oil and 550 
B/D of water. Following the conversion of producers to 
injection wells, the production rate declined to 730 B/D of oil 
and 255 B/D of water. At the end of December, 1950, pro 
duction had increased to 3,250 B/D of oil and 1,670 B/D of 
water with most of the increase occurring within the last six 
months. At the start of flooding operations the pressure at 
the central pump station was about 250 psi. This was grad 
ually increased until at the present time it is 540 psi. Statis 
tices concerning the water flood performance are summarized 
as follows: 

2,244 
1,900 


Gross 
Net 
Number of wells 

Water input 84 

Producers 120 
Cumulative oil production 11/29/49, bbl 17,920,000 
Production 11/29/49 to 1/1/51, bbl 500,000 
Cumulative oil production 1/1/51, bbl 18.420.000 
51 without 


Acres in unit 


Est. cum. oil prod. 1/1 
flooding, bbl 
Gain or loss by flooding to date, bbl 
Cumulative water production 11/29/49 
to 1/1/51, bbl 
Cumulative water injection 11 
1/1/51, bbl 
Average daily input rate 11/29/49 to 
1/1/51, bbl 
Total 
Per well 413 
Injection Well Performance as of 12/31/50 
No. with well head pressures exceeding 
500 psi 
No. with well head pressures between 
300 and 500 psi 
No. with well head pressures between 
100 and 300 psi 
No. with well head pressures below 100 psi 
No, on vacuum 
Total 
Producing Wells 
No. affected by flood as of 1/1/51 
No. unaffected by flood as of 1/1/51 55 
Total 120 


FUTURE POSSIBILITIES OF THE BENTON 
FLOOD 


Although the performance of the Benton flood to date is 
very encouraging, it is still too early to make any reliable 


18.465,000 
45.000 


240,000 
29/49 to 
10,480,000 


26,300 


predictions as to the ultimate recovery. It is possible, though 
to present an idea of the amount of theoretically recoverabl 
oil remaining in place. Utilizing the factors included under 
the discussion of “Reservoir Characteristics,” calculations show 
that there were originally in place 740 bbl of recoverable 
stock tank oil per acre-ft after deducting the 18 per cent 
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residual oil saturation. Following are volumetric calculations 
covering that portion of the Benton Field now being flooded: 
Net acres 1,900 
Net pay thickness, ft 37 
Acre-ft net pay 70,000 
Recoverable oil originally in place, bbl 

Per acre-ft 

Total 
Cumulative recovery 12/1/49, bbl 
Theoretical reserves 12/1/49, bbl 
Est. reserves without flooding 12/1/49, bbl 
Theoretical additional recovery by flooding, bbl 


740 
51,800,000 
17,900,000 
33,900,000 

5,600,000 
28,300,000 

The above calculations assume 100 per cent flood efficiency 
whereas studies of the better pattern floods at or near deple- 
tion seldom reveal one which has exceeded 80 per cent overall 
efficiency. The problem of predicting the recovery for Benton 
is further complicated by a somewhat erratic well spacing 
pattern owing to the aforementioned coal mining operations. 
However, it is of the opinion of the engineers connected with 
this project that at least one-half of the theoretically recover- 
able cil remaining in place over and above the primary ulti- 
mate should be produced by the flood. 


ACKNOWLEDGMENT 


The author is indebted to the management of Shell Oil Co. 
and W. C. McBride. Inc., for permission to publish this paper. 


REFERENCES 


1. Howell, J. V.: AMPG Bull, (1948) 32, 745. 





Visit Us in Oklahoma City 


You are cordially invited to 

stop by our booth (No. 16) on the 
mezzanine of the Biltmore Hotel 
when you attend the Fall meeting. 
We'd particularly like to show 

you our latest tools and equipment 
for producing dually-completed 
wells—a subject of increasing 
interest to petroleum engineers 
nowadays. Plan to spend some time 
at the Otis exhibit... we'll welcome 


the Opportunity to get acquainted. 
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The Effects of Drilling Mud Additives on 
Oil Well Cements 

By the API Mid-Continent District 
Testing of Cements, American Petroleum 
1951. 40 pp., charts, tables, paper, $1.00. 

This report summarizes the data obtained from a series of 
to determine the effect of a number of drilling mud 
thickening time and strength of 
three types of commercial cements. The study reveals that many 
of the additives rked effect on the properties of ihe 
cements tested, 


Study Committee on 
Institute, Dallas, 


tests 


treating chemicals on the 


have a ma 
and emphasizes that precautionary measure< 
should be taken to prevent contamination of the cement with 
drilling mud when cementing oil wells. Order from API, 816 
Rie Grande Bldg., Dallas, Tex. 


Oil Field Exploration and Development, 
I — Principles and Il - Practice 
By A. Beeby-Thompson, Anglobooks, London, New York, 
Toronto, 1950. Twe-Vol. set, 1,177 pp. 72 pp. appendices, 
illus., charts, tables, 10 x 6% in., cloth, $20.00 
Originally published in 1925, these two volumes have been 


diagrs., maps, 
revised by addition of nine appendices, covering modern refin 


ery operations, oilfield controls, drilling technique and well 
logging, natural gas and 
characteristics of and development in 
parts of the world since 1924. Vol. I includes material on the 
distribution and origin of oil, the structure and development 
of oil fields, and the world’s fields. Vol. II 


deals with drilling and production practices and equipment 


F: SEE formation changes | 
Ad you 


wits 


GEOLOGRAPH 


With cuiesnal ‘you 
actually watch the drill- 
ing change as the bit 
bites into contrasting 
strata—foot by foot! 
You'll find that this sub- 
surface control, while 
drilling, results in a higher 
percentage of successful 
drill stem tests; fewer and 
more correctly placed 
cores; accurate determi- 
nation of net pay thick- 
ness and elimination of 


many depth corrections! 
Abilene, Houston, Odessa, Lubbock and Wichita 
Falls, Texas - Sakerstield, Calif. - Shreveport 
and Baton Rouge, La. - Casper, Wyo. - Okiachoma 
City, Okla. 


recovery methods, gasoline, and 


prospecting various 


geology of the 
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ACOUSTIC 
WELL 
es 

asens 


U. S. Patent 2,560,911 


A PRECISION INSTRUMENT FOR MEASURING 
THE FLUID LEVEL IN PRODUCING WELLS 
BY THE ACOUSTIC METHOD 


. for the purpose of determining bottom pressure 
. to obtain productivity index 


. for analysis of operational difficulties such as 
atec iv > r ‘ 7. 

PYYTYYY) defective pump or tubing 

HIGH SENSITIVITY Low SENSITIV , : - . 2 

heeen venrien 86 (aveen Serr ; SONOLOG provides two entirely separate record- 

| ing channels operating simultaneously at different 

sensitivities and with different characteristics. ...a 





feature that greatly aids in securing reliable data. 


SONOLOG 
.is a rugged instrument 
. is simple to operate and maintain 





. attaches to well head with quick-thread 2” union 
. uses a blank cartridge as source of sound 





SONOLOG IS EASY TO USE 
. Observations are made without suspending pro- 
ducing operations or pulling rods or tubing. 


SONOLOG IS FAST 
. Recordings may be obtained on twenty or more 
individual wells per 8-hour working day. 


SPECIFICATIONS 

FORM: Strictly portable. Sturdy construction. May be carried by 
one person or in any conveyance. WEIGHT: Amplifier-Siecorder . 

70 pounds, Well Head Attachment . . . 30 pounds. POWER: Aute- 
mobile or any 6-volt battery. RECC ink-on- 
paper. Eliminates camera, film and developing process. Log avail- 
able for immediate inspection. PRESSURE RATING: Pressure rating 
of Well Attachment 1500 psi. (A Well Attachment rated at 5000 psi 
is available at extra cost.) OPERATOR: One man only. No know!l- 
edge of electronics required for operation. DELIVERY: immediate. 


PURCHASE PRICE 
Equi including well head attachment, amplifier-re- 
corder, microphone cable, power cable, 2” male union, cartridge 
rings, orifices, wrenches, ‘record counter end supply of recording 
RENTAL PRICES paper, ink, blank cartridges, microp g brushes, and 
First month $300.00 operating manual. 
Second month 250.00 Terms: Net F.0.8., Houston, Texas 
Third month 200.00 
Thereafter, per month 150.00 
By prior arrangement, a portion 
of all rentals paid or due may be 
applied against the purchase of 
complete equipment. 














@rypical log obtained from one shot and 
accormpanying echoes down well. Two 
sensitivities permit amplification of im 
pulses as they become dampened farther 
down weil, enabling fluid level to be ac 
curately determined. 


aah ashton 











that isn’t 
SWISS 
CHEESE 


your Lane-Wells 
Man is holding 








Ask to see that 
section of 


“OPEN HOLE” 
PERFORATOR 


Los Angeles + Houston + Oklahoma City + Lan 
General Offices, Export Office and Plant + 5610 So. 


